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THE phenomena of metalliferous deposit by solfataric action 
at Sulphur Bank and Steamboat Springs have tended strongly 
to confirm what I had previously believed to be the most prob- 
able theory of vein-formation, and at the same time to give it 
more clearness and definiteness. This paper, therefore, may 
be regarded as a continuation and development of the thoughts 
started in the previous ones.* 

The structure, the mode of occurrence and the contents of 
metalliferous veins leave no longer any room for doubt that 
they have been formed by deposit from solutions. If an 
doubt still lingered on this subject, they are now dissipated by 
the phenomena of deposit still in progress at Sulphur Bank and 
at Steamboat Springs. Among metallic ores cinnabar has long 
been considered a possible exception to this mode of deposit. 
The extreme volatility of this sulphide, the extreme irregularity 
of its veins, and its frequent occurrence in the immediate 
vicinity of comparatively recent volcanic action, have suggested 
that it may have been deposited in irregular fissures, cracks, 
cavities, etc., by condensation of its vapors, sublimed by vol- 
canic heat beneath. But the phenomena of Sulphur Bank and 
Steamboat Springs ought to settle this question forever. Cin- 

* This Journal, vol. xxiv, pp. 23, 1882, and xxv, 424, 1883. 
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nabar as well as other metallic sulphides are now being 
deposited there along with silica, from solutions. And yet so 
strong is the prejudice in favor of the sublimation theory for 
this sulphide, that Rolland after examining the phenomena of 
Sulphur Bank, after recognizing the complete saturation of all 
‘the rocks and earth with the up-coming solfataric waters and 
even truly describing the occurrence of the cinnabar in recently 
deposited silica in such wise that the two must have been 
deposited from the same solution—still talks vaguely about 
vapors and emanations of mercury.* 

Admitting them as established, the view that metalliferous 
veins have been deposited from solutions, the most difficult 

uestions still remain. What are the conditions under which 
} meas takes place? And what in addition to simple water 
have been the solvents? 

Conditions of deposit.—In answering this first question it must 
be remembered that the chemistry of nature is far more subtle 
and refined than that of the laboratory—that substances which 
are regarded as practically insoluble in the latter cannot be so 
regarded in the former. The infinite patience of nature and 
the infinite slowness of her operation must be taken into 
account. In the perpetual circulation of subterranean waters 
infinitesimal deposits, continued and accumulated through 
almost infinite time, produce large results. Thus mineral veins 
may be composed of substances of extremest insolubility and 
yet be deposited from solutions. In fact such extreme insolu- 
bility, or at least very feeble solubility would seem to be a 
condition of mineral vein formation, for otherwise the materials 
would in most cases be brought to the surface instead of being 
deposited below. 

Again, it must be borne in mind that solubility, even the 
feeblest, is notably increased by heat, especially super-heat, 
and by pressure. The effect of heat and especially of super- 
heat, in increasing solubility, is universally recognized; but 
pressure is usually regarded only as a necessary condition of 
super-heat, and not as itself an active agent. But, in fact, 
pressure acts not only indirectly as a condition of super-heat, 
but also directly as an active agent in increasing the solubility 
of nearly all substances. Mr. Sorbyf has not only proved this 
by actual experiment on a great variety of substances, but has 
shown that it is a necessary consequence and beautiful illustra- 
tion of the law of correlation and conservation of natural forces, 
and that we have in this as in the case of fusibility an example 
of the equivalency of mechanical and molecular forces. For as 
in the matter of fusibility, in all cases in which expansion takes 


* Annales des Mines, xiv, 384, 1878. 
+ Proc. Royal Society, vol. xii, p. 538, 1863. 
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place in fusion, pressure by resisting expansion, raises the 
fusing point, while only in those exceptional cases like ice, in 
which contraction takes place in fusion, pressure by assisting 
contraction, lowers the fusing point; so also in the matter of 
solubility: in all cases in which contraction takes place in solu- 
tion—i. e., in which the volume of the solution is less than the 
combined volumes of constituents—pressure by assisting con- 
traction inereases solubility, while only in very exceptional 
cases, as for example sal ammoniac, in which expansion takes 
lace in solution, pressure by resisting expansion diminishes 
solubility. These latter cases, however, are so extremely ex- 
ceptional, that we may assume as a law, the increased solvent 
power of water in proportion to pressure. It is even possible 
by experiment thus to determine the mechanical equivalent of 
the chemical force of solution of any given substance, and in 
fact, this has been so determined for several substances by Mr., 
Sorby. 

There can be no doubt, then, that the solvent power of water 
may be increased without limit, by corresponding increase of 
heat and pressure. It is quite certain, therefore, that water 
deep in the interior of the earth, especially in volcanic regions, 
and therefore under heavy pressure and super-heat, would have 
its solvent power greatly increased, not only by the super-heat, 
but also by the pressure. It is believed that few substances 
could resist entirely its solvent power. Such waters coming up 
slowly toward the surface through fissures, large or small, 
would have their solvent power diminished, both by cooling 
and by relief of pressure and must of necessity deposit in their 
courses and form mineral veins. 

Other solvents.—But the solvent power of subterranean waters 
is still further and very greatly increased for most vein-matters 
by the presence of alkali in the form of alkaline carbonates, or 
alkaline sulphides or both. This is especially true of the com- 
monest of vein stuffs, viz: quartz and lime carbonate and the 
commonest form of metallic ore, viz: metallic sulphides. The 
solubility of silica in alkaline carbonate waters is well known, 
and with excess of carbonic acid in the waters all the earthy and 
metallic carbonates are also soluble. The solubility of many 
and probably all metallic sulphides in alkaline sulphides, espe- 
cially with excess of hydrogen sulphide,* under pressure and 
super-heat can no longer be doubted; for iron sulphide and 
mercuric sulphide are now being deposited from such waters 
both at Sulphur Bank and at Steamboat Springs. Mr. Christy+ 
and others have proved the solubility of mercuric sulphide 

* The affinity of these two feeble acids for bases are so nearly balanced, that 
an excess of one involves the excess of the other, and as a matter of fact both 


CO, and H,S are found in excess in all solfataras. 
+ This Journal, xvii, 453, 1879. 
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under pressure and super-heat by actual experiment; and these 
are among the most insoluble of metallic sulphides. 

It is certain, then, that metallic sulphides are soluble to a 
limited extent in alkaline suiphides forming doubtless double 
sulphides. It is certain also that the solubility is increased by 
superheat and pressure. It is therefore also certain that hot 
waters containing alkaline carbonates and alkaline sulphides, 
circulating at great depth and therefore under heavy pressure, 
would take up silica, earthy and metallic carbonates, and me. 
tallic sulphides, and that coming up slowly toward the surface 
they would deposit these substances in theirr courses, partly 
by cooling and partly by relief of pressure, and thus form 
metalliferous veins. 

We have given what seems to be the most usual cause of 
deposit, viz: cooling and relief of pressure; but this is prob- 
ably not the only cause. There are many chemical reactions 
by which the same result may be attained. We will mention 
only the more obvious of these. (a) Organic matters are of 
almost universal occurrence in subterranean waters, and their 
agency in reducing metallic oxides and metallic salts is well 
known. The more we study the chemistry of nature, the more 
we are impressed with the importance of organic matter as a 
universal reducing agent. Organic matter in form of hydro- 
carbons is almost invariably found in connection with cinnabar. 
Its agency in reducing iron sulphate to sulphide is seen every- 
where. It is not improbable therefore that organic matter cir- 
culating in the same solution with metallic sulphates may be a 
frequent means of reducing these and depositing them as metal- 
lic sulphides. (0.) Again: alkaline carbonate and sulphide 
waters, dissolving silica and metallic sulphides and coming in 
contact in their course with decomposing organic matters, may 
be neutralized by the acids of organic decomposition and thus 
compelled to deposit their freight. This apparently takes in 
deep hydraulic mines in the silicification of wood and possibly 
in the deposit of iron sulphide. (c.) Lastly: it is possible that 
in some cases water from different sides and carrying different 
materials may meet in the same fissure and deposit by reaction. 
For example, metallic sulphates thus meeting alkaline sulphides 
would by interchange produce alkaline sulphates and metallic 
sulphides, which latter would be deposited. This seems to be- 
the reaction at the California Geysers where a black inky de- 
posit of iron sulphide is produced by the action of alkaline 
sulphide on iron sulphate. If this reaction had taken place 
sufficiently slowly, it is possible that the sulphide would have 
been crystalline. All these methods and perhaps many others 
not yet imagined may occur ; but the first, viz: by cooling and 
relief of pressure is probably of most universal occurrence. 
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Such, we believe, is an outline of a true theory of the genesis 
of metalliferous veins, a theory apparently confirmed by the 
study of causes now in operation at Sulphur Bank and Steam- 
boat Springs, and probably many other places in California and 
Nevada.* We are now prepared to still further confirm the 
theory by applying it to the explanation of all the phenomena 
of veins. But before doing so it is necessary that some grave 
objections recently raised should be removed. 

Recently Dr. F. Sandberger has published a very important 
treatise on veinst in which he takes ground against what he 
calls “the ascension theory” and urges strong reasons, as he 
thinks, in favor of “lateral secretion” or ‘‘levigation theory.” 
According to him metalliferous veins are filled not by deposit 
from ascending waters, but by lateral secretion or leaching 
from the immediate bounding walls of the fissures. He thinks 
that ascending waters or springs will not deposit in their con- 
duits, but only at the surface in contact with air and by oxida- 
tion. He cites the case of iron ore which is thus abundantly 
deposited. He admits the deposit of vein-matters both silica 
and metallic sulphides, at Sulphur Bank and at Steamboat 
Springs, but thinks that these are only superficial deposits 
determined by contact with the air, that they are not true veins 
and throw no light on the process of mineral-vein-formation. 
He thinks that in case of solfataric waters depositing metallic 
sulphides, these waters in their ascent have traversed previ- 
ously existing veins, a small portion of the metallic contents of 
which are dissolved and redeposited at the surface. For ex- 
ample: the metallic sulphides and gold found in the deposits 
of Steamboat Springs, according to him, were gathered from 
auriferous quartz veins in the neighborhood. He admits, also, 
however that the question might be definitely determined by 
deep explorations at these places, but is apparently unaware 
that such explorations have already been undertaken at Sul- 
phur Bank. According to him, moving water wil! not deposit, 
for in order that deposit should take place the water must be 
stagnant. Therefore, for him, mineral vein-formation is always 
a deep-seated phenomenon, and we may never hope to see the 
process still going on, or investigate directly the causes still in 
operation. In brief his view seems to be, that the closed cavi- 
ties of great fissures, like the closed fossil-cavities of stratified 
rocks and the closed vapor-cavities of eruptives are filled by 
leachings from the immediate bounding wall-rocks of the fis- 
sures. The process-is a sort of aggregation of soluble matters 

* Feeble solfataric action is still going on and probably still depositing metallic 
sulphides in Comstock Lode. (Becker.) 

+ “Untersuchungen iiber Erzginge.” FF. Sandberger, Wiesbaden, 1882. I 


have not seen the full work, but only a thorough resumé of the part on genesis of 
veins by G. Maillard in the Archives des Sciences for Dec., 1882, vol. viii, p. 320. 
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into open spaces, an oozing and congelation of a coagulable 
plasma mending the broken parts. For such congelation- 
quiescence, stagnation seems to be a necessary condition. 

The arguments which he urges for this view are mainly two, 
1. That vein-contents both metallic and other, even in the same 
fissure, change with the country rock, as if derived immediately 
from its walls. 2. That by actual analyses of igneous and 
metamorphic rocks he finds in them all the matters, including 
the metals, contained in veins. This latter is his principal and 
as he thinks demonstrative argument; and his investigations 
on this subject are undoubtedly of very great interest and 
value. Previous investigators have also attempted to find the 
valuable metals widely distributed in the rocks, but with indif- 
ferent success because the analyses have been mostly undis- 
criminating analyses of the whole rock (bausch-analysen). Dr. 
Sandberger’s analyses on the contrary have been selective 
analyses of the principal minerals. By this method he finds 
the valuable metals in notable quantities especially in the more 
basic rocks. Olivine, hornblende, augite and the dark micas 
he finds rich in a great number of metals, while the lighter- 
colored micas, feldspar, quartz and therefore the granites and 
gneisses, he finds poor. He thinks therefore that metals are 
derived mostly from igneous rock especially from the newer 
and more basic, and that veins are often rich when they inter- 
sect metamorphic rocks only because the metals are leached 
into them from the neighboring igneous rocks, 

Such is a very brief statement of Dr. Sandberger’s views. 
On account of his great ability and wide experience, they are 
certainly entitled to great weight. But it seems to me that all 
his objections to the ascension theory and all his arguments 
for the “lateral secretion” theory are based on a misconception 
of the former or rather on an exaggeratiom of the distinction 
between the two. The view which he apparently takes of the 
ascension theory is an extreme view which allies it with the 
vapor, or sublimation-ascension theory. According to the 
ascension theory, as he imagines it, the water comes up, and the 
materials are derived, from the unknown interior of earth— 
from the region of the sources of volcanic activity. This is 
plainly shown by his strongly contrasting it with his own 
theory as distinctively a levigation theory; also by the great 
importance which he attaches to his rock analyses as a crucial 
test for deciding between the two theories. Now I am quite 
sure that no one, in this country at least, holds to any such 
view. All speculators on this subject, I think, now hold that 
the mineral contents of veins are wholly derived by leaching, 
from the rocks forming the fissure-walls. The ascension theory 
(if we use this name at all) as properly understood, i.-e., the 
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theory which connects vein-formation with solfataric action is 
wholly a levigation theory. According to this theory as I un- 
derstand it, the vein matters including the metallic ores are not 
derived from an unknown mysterious region of volcanic fires, 
but are gathered by leaching from the whole wall rock from top 
to bottom of the fissure; but mainly from the deeper parts, be- 
cause these are under heavy pressure and superheat. Subterrane- 
an waters gathering soluble matters from wide areas and great 
thicknesses of rock find their way into fissures, and these then 
become their natural channels back to the surface from which 
they come. The theory may be formulated as a depositing of 
materials, mainly in the return course of circulating meteoric 
waters. The materials are gathered widely by leaching, the 
deposit is mainly in the ascending portion of the course, be- 
cause determined by cooling and reliet of pressure. The only 
difference between great fissure veins on the one hand, and 
small infiltration veins, amygdules and geodes, ete., on the other, 
in their mode of filling, is that the latter are filled with matters 
contributed by the immediate bounding rocks only, while the 
former are filled in each part by matters gathered from all the 
rocks over wide areas and through the many thousand feet 
thickness through which the fissure breaks, but especially from 
the lower portion because hot. This isthe reason of the great 
variety of the contents of these as compared with the other. 
In the one case the contribution is local, in the other more 
general; the one may be regarded as the gatherings of a mu- 
nicipal tax, the other of a national tax; but in both cases the 
tax is drawn from home sources, not from unknown foreign 
sources. Dr. Sandberger’s analyses indeed proves that leaching 
is the source, but proves nothing as to the wideness of the 
leaching, and is therefore no objection to. the ascension theory 
as properly understood. So also the change of vein contents 
of the same vein with change, of country rock is precisely such a 
change in degree and kind as we should expect on a true ascen- 
sion theory. The change is often considerable, but not so 
complete as would be the case were the contribution strictly 
local—not so complete as we actually find it in infiltration 
veins and amygdules. The reason is obvious. In true metal- 
liferous veins the surface country rock is a factor, true: but 
only one of the least of many factors determining the result. 
With the removal of this misconception, we believe all his 
objections fall to the ground; but we will also briefly notice 
some of these objections. Dr. Sandberger maintains that in 
order to make deposit, the solution must be in a state of qui- 
escence inconsistent with the idea of water issuing in springs. 
But evidently the quiescence can be only relative. Some move- 
ment of the water is necessary in order to bring indefinite 
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supply of material to the vein—unless indeed we resort to 
occult forces of which we know nothing. All subterranean 
waters are in movement—in a circulation which completes itself 
only by issuance on the surface. The movement may be slow 
or rapid. The issuance may be, as imperceptible moisture 
evaporating on the surface, or may be in the form of springs of 
every degree of boldness. Now it is probable that a very slow 
movement is most favorable for mineral deposit in fissures, and 
that for two reasons. In the first place if the supply of water 
is abundant the percentage of soluble matter may be too small 
to deposit. We see illustration of this in the phenomena of 
the forming and filling of limestone caves. At one time when 
the supply of water flowing through them was abundant, they 
were hollowed out by solution; but now that the water is 
reduced to droppings they are filling by deposit. In the second 
place, rapid movement of abundant water is unfavorable for 
deposit in conduits, because the cooling on approaching the 
surface will be too slow. The water will carry its own tempe- 
rature with it instead of borrowing it wholly from the adjacent 
rock. For these two reasons therefore, decided springs are apt 
to deposit only on the surface, where, only, the cooling is suffi- 
cient and where deposit also takes place by evaporation and 
oxidation. In a word all subterranean waters are in movement 
and such movement is necessary to bring sufficient supplies of 
feebly soluble matters. Also, all or nearly all circulating wa- 
ters terminate their journey on the surface. Whether their 
issuance on the surface be called springs or not is purely a 
question of relative abundance of the waters; but it is espe- 
cially in cases of slow movement, and issuance without deci- 
ded fountains, that the conduits or waterways are most apt to 
be filled by deposit. 

Again, Dr. Sandberger thinks that metamorphic rocks de- 
rive their vein-contents from the igneous rocks in their vicin- 
ity. We on the contrary regard the igneous rocks as contrib- 
uting not so much the materials as the heat necessary for their 
solution. There is probably no substantial difference in the 
chemical composition of igneous and sedimentary rocks. They 
are convertible into each other and are often so converted by 
alternate disintegrations and re-fusions. 

Again, Dr. Sandberger thinks that solfataric waters at Sul- 
phur Bank and elsewhere deposit only at the surface and in 
contact with the atmosphere—that these do not fill their con- 
duits and thus form veins, and therefore we are not to look to 
these as examples of the process by which metalliferous veins 
are generated. He thinks that deposits of vein matters at Sul- 
phur Bank is wholly the result of oxidation by contact with 
air, and likens it to superficial iron ore-deposits which as is 
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well known are due wholly to peroxidation by contact with 
the air. Now there is here also a partial truth in Dr. Sand- 
berger’s view, but not such as interferes with the view that 
metalliferous veins are formed by solfataric action. It is true, 
as I have shown in a previous paper,* that at Sulphur Bank 
the down-going acid waters formed by oxidation meet and 
neutralize the up-coming alkaline waters and determine abund- 
ant deposit of silica and metallic sulphides at the point of 
meeting, which is only about 20-30 feet from surface; but the 
deposit of these vein matters is not confined to this point nor 
determined only by this reaction, but takes place also far be- 
yond the influence of the atmosphere. What Dr. Sandberger 
has himself proposed as a test of this question, viz: deep ex- 
plorations beneath Sulphur Bank, has already been accom- 
plished and the question decided against him. In the “ wagon 
spring cut” the solfataric waters have been followed down far 
below the influence of oxidation and acidification to a region 
where the water is strongly charged with alkaline carbonates 
and alkaline sulphides with excess of CO, and H,S and the 
deposit of metallic sulphides is still abundant there. But what 
is still more conclusive. a shaft has been sunk to a depth of 
310 feet and horizontal drifts run at five different levels. 
These drifts have pierced the vein which is a brecciated vein 
very rich in sulphides of iron and mercury. That this is not 
an old vein through which the solfataric waters have happened 
to rise, redissolving some of the metallic sulphides and rede- 
positing them at the surface by oxidation, but a veritable vein 
filled by solfataric action still going on and still doing its work 
of vein formation, is shown by the fact that the deposit of 
silica is here in some places so recent that the silica is still in a 
gelatinous condition. It is evident that Dr. Sandberger is un- 
acquainted with the most recent -investigations at Sulphur 
Bank. He has also wholly misconceived some even of the 
surface phenomena. He is apparently unaware of the funda- 
mental distinction between the surface phenomena and the 
deeper phenomena—between the chemical effects of the down- 
going acid waters and the up-coming alkaline waters. He 
even speaks of the white chalky product of acid decomposition 
of the surface rocks as an acid clay instead of pure silica as it 
really is. 

Again, Dr. Sandberger thinks that when solfataric waters 
deposit metals, these have been derived from previously exist- 
ing veins traversed by the ascending waters. This may pos- 
sibly indeed be true, but does not in the least affect the theory. 
For we probably rarely or never see any rock which has not 
derived its material from previous rocks by disintegration, 


* This Journal, vol. xxiv, p. 23, 1882. 
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transportation, sedimentation and reconsolidation, and yet we 
study the process now going on as a type of what took place 
in earlier times. So also it may indeed possibly, though I 
think not probably, be true that we rarely see metals deposited 
from solfataric waters which have not been derived from pre- 
viously formed metalliferous veins, and yet none the less is the 
process in the two cases the same, and we rightly study the one 
to throw light on the other. 

Finally, Dr. Sandberger regards the whole phenomena of 
mineral vein formation as deep-seated and forever removed 
from direct observation; and therefore we may not hope ever 
to see these causes now in operation. This view it seems to 
me removes the subject forever from the clear light of induc- 
tive research where recent observers had hoped to place it, and 
remands it to the limbo of more or less probable conjecture. 
But we have now shown that his reasons for so doing are not 
conclusive, and that we may still hope to see in solfataric action 
the analogue of the process by which metalliferous veins were 
formed. 

After this discussion, which we hope has served the purpose 
of placing the ascension-theory in clearer light, we return with 
increased confidence in our previously formed views, and will 
now proceed to apply them in the explanation of the phenom- 
ena of mineral veins. 

1. Association with metamorphism.—If metalliferous veins are 
formed by solfataric action, then we at once see why they are 
usually associated with the evidences of volcanic activity re- 
cent or past, and especially with metamorphism of the country 
rock : for solfataric action is but the feeble remnant of preced- 
ing vulcanism, and metamorphism is undoubtedly produced by 
superheated water under heavy pressure; and the presence of 
alkali is also an important factor. Our view as already stated 
is not that igneous rocks alone supply the materials, but rather 
that igneous action supplies the heat necessary for solution. 

2. Absence of surface effects of solfatarie action.—If metallifer- 
ous veins were formed by solfataric action, at the time they 
were forming, if alkaline sulphides predominated, white chalky 
siliceous residue of acid decomposition (as at Sulphur Bank), 
or, if alkaline carbonates predominated, siliceous sinter (as at 
Steamboat Springs), must have existed at the then surface. 
But as such surface deposits are never more than 20 to 30 feet 
thick—they must, except in cases where the process is still go- 
ing on, have long ago been entirely swept away by erosion, 
and therefore the deeper parts only, i. e. the trne veins exposed 
to view. In ordinary mineral veins we have the deeper de- 
posits revealed but the process of filling has been hitherto ob- 
scure. In soifataric springs on the other hand we have the 
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process revealed, but the true vein deposits have hitherto been 
concealed and obscured by surface-products and surface reac- 
tion. At Sulphur Bank alone, and only by means of the deep 
mining operations recently undertaken there, both the surface 
process and the deeper results in filling the conduits are clearly 
demonstrated. As the present condition of the theory of erup- 
tive rocks is the result of observation not only of surface 
effects as shown in active volcanoes, but also of exposures by 
erosion of the deeper roots of extinct eruptions, so also a 
rational theory of genesis of metalliferous veins must be based 
not only on the study of the deeper parts of such veins ex- 
posed to view by erosion, but also on the study of similar phe- 
nomena still in progress in active solfataras. The light thrown 
on the theory of metalliferous veins by the deeper works at 
Sulphur Bank is precisely similar to what would be thrown on 
some of the obscurest questions connected with eruptions, if 
we could tunnel beneath a volcano, or still better beneath a 
great basaltic or rhyolitic overflow, and tap the conduit dykes 
which supplied it. 

8. Variation in vein contents.—If mineral veins are formed 
by deposits in conduits from hot waters containing aikaline 
carbonates and alkaline sulphides, then the nature of such de- 
posits i. e., the vein-matters, and especially whether they be met- 
alliferous or not, will depend upon the relative proportions of 
these two ingredients. Alkaline carbonates are the main solv- 
ents of vein stuff, viz: silica and earthy and metallic carbonates, 
while alkaline sulphides are the main solvents of metallic sul- 
phides. This is well shown in the contrast between the phe- 
nomena at Sulphur Bank and at Steamboat Springs.* At 
Steamboat Springs, alkaline carbonates predominate, and there- 
fore the surface deposit is in the form of a thick cake of sinter, 
only stained here and there with metallic sulphides and metallic 
oxides ; while at Sulphur Bank alkaline sulphides predominate, 
and therefore the deposit is rich in metallic sulphides; but there 
is nocrust of silica formed, because the acidification of the sul- 
phides by contact with air neutralizes the alkali, and prevents the 
silica from reaching the surface. In place of a deposited crust we 
have here a chalky siliceous residue of acid decomposition of 
surface rocks. Doubtless all gradations between these extremes 
may be found. The richness or poorness of veins in metals 
depends on similar differences in ascending waters of previous 
geological epochs. No doubt, however, the abundance and 
rapidity of circulation of the waters was also an important ele- 
ment in determining the results, for, as we have already shown, 
very slow circulation is favorable for deposit in conduits ; abund- 


* This Journal, vol. xxiv, p. 23, 1882, and vol. xxv, p. 424, 1883. 


| 
| 
| 


12 Joseph LeConte—Genesis of Metalliferous Veins. 


ant waters coming up in bold springs deposit mainly at the 
surface. 

4. Variation of richness with depth—If metalliferous veins 
are formed by deposit of soluble matters from superheated 
waters, coming up from great depths, and slowly losing heat 
and pressure, then the level at which deposit will commence 
will obviously depend on the percentage of freight of soluble 
matters carried. It will commence whenever by loss of heat 
and pressure the point of saturation is reached, and will con- 
tinue thereafter to the surface. On the one hand, the percentage 
may be so small (either because so little has been met with, or 
because the waters are too abundant and rapid-moving) that de- 
posit will take place only on the surface by drying and oxida- 
tion; on the other hand, the water may be so saturated when it 
enters the fissure, that it will deposit equally, or nearly equally, 
all the way up. Between these extremes there is every grada- 
tion, and deposit may commence at any level and continue to 
the surface. The same is of course true of each individual sub- 
stance in solution. Each will deposit when its own saturating 
point is reached. Applying these principles to actual vein 
stuffs: silica and other common veinstones being abundant 
everywhere, we may regard the waters as usually saturated with 
these, and deposit of these will usually take place equally at all 
depths. But metallic matters are very sparsely and irregularly 
distributed in the country rock, and the percentage of these in 
subterranean waters, depending as it does on the composition 
and the temperature of the water and the quantity of the metal 
met with in its course, must be very variable. If the water is 
already saturated for that temperature and pressure with these 
substances when it enters the fissure, then deposit will com- 
mence immediately, and continue, and the vein will be equally 
rich at all depths; but if the saturation is not complete, then 
deposit will be delayed until by loss of heat and pressure the 
saturating point is reached, and the vein will be richer near the 
surface. We have thus far supposed all the materials derived 
from the lowest depths only. But this is not true. Contribu- 
tions may, be added at every step in the upward course by trib- 
utary waters from the wall rock. Whether these waters increase 
or decrease deposit will depend on their percentage of metallic 
freight as compared with that of the main up-coming stream. 
On the one hand, it is more likely to diminish it, because super- 
ficial waters are less apt to contain metallic contents than deeper 
waters; but, on the other hand, it may sometimes increase it by 
cooling more quickly the ascending waters. Again, we have 
supposed the deposit to take place only by loss of heat and 
pressure. This is doubtless the most obvious and widely occur- 
ring cause; but there are also, as we have already shown, many 
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chemical reactions by which deposit may take place. These 
may occur in any part, and determine exceptional richness in 
that part. Taking all these causes into account, we easily see 
why many veins grow poorer, some hold their own, while a few 
grow richer, in depth. 

5. Origin of the alkaline and metallic sulphides—The ques- 
tion of the origin of the alkaline sulphides and metallic 
sulphides is only remotely connected with our subject. We 
find the alkaline sulphides in subterranean waters — such 
waters deposit metallic sulphides. This would seem sufficient 
for our purpose. But the question of origin is an inter- 
esting one, and a few words in explanation may not be out 
of place. Alkaline sulphides are now forming under our 
eyes in many places by the reducing action of organic matter 
on alkaline sulphates. A notable and familiar example of 
this is the formation of alkaline sulphides (of magnesium and 
sodium) in salt marshes, by the reducing action of decaying 
organic matters of the marshes upon the sulphates of sea water. 
The subsequent decomposition of the sulphides form the sul- 
phuretted hydrogen, so easily detectable by smell. Now organic 
matters in solution are of almost universal occurrence in subter- 
ranean waters, and organic matter is the most powerful and 
universal reducing agent in nature. Organic matters, in the 
form of bituminous hydro-carbons, are found at Sulphur Bank, 
and at other cinnabar mines. It seems not improbable, there- 
fore, that alkaline sulphides found in solfataric waters have 
been reduced from alkaline sulphates by this agency. 

It is probable that the metallic sulphides which we find in 
solution in solfataric waters, and especially in mineral veins, 
have been formed in the same way, i. e., have been reduced 
from metallic sulphates by organic matters. It is probable, 
therefore, that we never see either alkaline or metallic sulphides 
which have not been reduced from the corresponding sulphates. 
But, on the other hand, it is certain that we never see any alka- 
line or metallic sulphates which have not been oxidized from 
corresponding sulphides. The original form was doubtless sili- 
cates. These have passed through many changes as carbonates, 
sulphates, sulphides, to be again changed into sulphates in per- 
petual cycle. So is it with everything constituting the earth 
crust. We certainly never see any soil that has not been rock, 
nor any rock that has not been soil. We never see any strati- 
fied rock that has not been igneous rock, nor, I believe, any 
igneous rock that has not become so by refusion of stratified 
rock. Thus the whole material of the earth crust bas been 
worked over and over again many times, passing thus through 
a perpetual cycle of changes. 

6. Heat not always necessary.— We have said that the solutions 
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depositing metalliferous vein matters have been hot. Such un- 
doubtedly they were in most cases. Metalliferous veins are 
usually associated with vicinity of dykes and other evidences 
of igneous action. They are usually associated with tilting, 
folding and metamorphism of the rocks. The water cavities of 
vein stones have often a vacuous space, showing that the water 
has cooled and contracted since the veinstone was consolidated. 
We find deposits of vein matters, both matrix and metallic ore, 
now going on in hot alkaline waters, and therefore presumably 
they were deposited from similar waters in previous epochs. 
But heat is evidently not necessary in all cases. For example, 
(a) deposits of iron, as we know, often belong to an entirely ga 
ferent category. This metal may indeed be often found i 
veins, and is then probably deposited like other vein aes: 
but it is deposited also, and more abundantly, in beds, being 
leached out of rocks and soils by solutions of organic matter at 
ordinary temperatures, as first explained by Bischof, and after- 
wards more fully by Sterry Hunt. (0) Lead also occurs very 
abundantly in undisturbed regions and in unchanged, even 
fossiliferous, strata, mostly limestones. In the lead regions of 
Illinois, lowa and Missouri, for example, it occurs in fossilifer- 
ous Paleozoic limestones, in immense deposits, partially or 
wholly filling irregular cavities of great extent between the 
strata and between the joint-blocks (gash veins). The cavities 
have been formed, like cavities in limestones every where, first 
by shrinkage, and then enlarged by the solvent power of water 
containing CO,. The lead sometimes wholly fills the shrinkage 
cracks, but often these have been enlarged by solvent power of 

water to veritable caves. In such cases a red clay, the residue 
of a solution of impure limestone, is found associated with the 
galena in the cave.* That lead in these cases was deposited 
from solution is certain; that the solutions were alkaline sul- 
phides is probable; but that the solutions were hot seems im- 
probable. (c) Lastly, small cracks produced by crushing of the 
rocks, and small vacant spaces of any kind, such as fossil-cavi- 
ties, vapor-cavities, ete., are filled by vercolating waters at 
ordinary temperatures. This is so “a known that further 
mention of these is unnecessary. These also may be, although 
they are not usually, metalliferous. 

7. Occurrence of gold—We have seen that hot waters con- 
taining alkaline carbonates and alkaline sulphides, coming 
slowly towards the surface, and losing heat and pressure, 
will hold in solution and gradually deposit in their courses 
quartz and earthy carbonates, metallic sulphides and car- 
bonates. These are by far the commonest forms of vein 


* Whitney's “Metallic Wealth,” p. 410 et seg. I can also confirm this from 
personal observation. 
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matters. Most other forms are accounted for by subsequent 
changes in these. But there are some metals which occur 
in a native condition, as, for example, gold, platinum, etc., 
nearly always; mercury and silver frequently ; copper some- 
times. It is well to observe that the occurrence in a native 
condition is common just in proportion to the feebleness 
of the affinities of the metal. In the case of mercury, silver 
and copper, it is almost certain that the original condition was 
sulphide, and the native condition the result of subsequent 
change, the nature of which may sometimes be traced. May 
we not then conclude that the same is probably true also of 
gold and platinum? We wish, therefore, to apply the fore- 
going theory also to the genesis of auriferous veins, for the 
occurrence of this metal is probably the most difficult of all to 
account for, by this or by any other theory. 

The conditions under which gold usually occurs, viz: asso- 
ciated with metallic sulphides, especiallv iron sulphide, in quartz 
veins, leaves no doubt that it also was deposited from solutions. 
Was there any peculiar solvent differing from what usually 
occurs in subterranean waters depositing metals? I think not. 
Gold is freely soluble in a solution of free chlorine, but as this 
is not found in nature it is not a probable solvent of gold. Gold 
is also feebly soluble in salts, especially persalts of iron, proba- 
bly forming with them double salts. This is a possible solvent 
in some cases. Again, gold in form of sulphide is decidedly 
soluble in alkaline sulphides, forming with them a double sul- 
phide. But the sulphide of gold, like its oxide and salts, is 
extremely unstable, and on the slightest provocation gives up 
its sulphur and is reduced to the metallic condition. It seems 
to me most probable, therefore, that the gold, like and along 
with other metals, was in solution as a sulphide, and deposited 
at the same time, but that on account of its feeble affinities it 
gave up its sulphur to the alkali at the moment of its deposition. 
Auriferous quartz veins have been filled, like other veins, by 
deposit from hot alkaline carbonate and alkaline sulphide wa- 
ters, holding in solution metallic sulphides, among which was 
gold sulphide. The deposit took place probably by loss of 
heat and pressure, the gold giving up its sulphur to the alkali, 
either forming alkaline persulphide, or else displacing carbonic 
acid at the moment of its deposition. If the gold sulphide was 
the only metallic sulphide present, then the gold would be found 
free in the pure white quartz, as is often the case in California ; 
but if other metallic sulphides, especially iron sulphide, were 
present in abundance, then the gold deposited at the same time 
with the iron sulphide would be enclosed in the latter. 

We have preferred to ascribe the deposit to loss of heat and 
pressure, but any one of the reactions given on p. 5 may accom- 
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plish the same result. For example, if a double sulphate of 
iron and gold may exist in the presence of alkaline bicarbonate 
and alkaline sulphide (which, however, seems more than doubt- 
ful), then we may well imagine that organic matters in solution 
would reduce these to sulphides, the gold returning to the me- 
tallic condition as before. Or acids of organic decomposition: 
might neutralize the alkali and force it to deposit the metallic 
sulphides in solution, the gold as before returning to the metallic 
condition. 

I have assumed that the gold is in a native state. This is by 
no means certain in all cases. Gold exists as telluride, and may 
exist as sulphide along with other sulphides. In that case the 
difficulty of explaining the deposit would be much less. 

These views are, I believe, substantially sustained by the 
observations of Arthur Phillipson the re-solution and re-deposit 
of gold probably still going on in the deep placer gravels of 
California. These gravels have been, and still are, traversed by 
alkaline waters, certainly alkaline carbonate, and probably also 
alkaline sulphide. The waters were certainly at one time, if 
not now, hot; for the gravels are deeply covered with lava. 
These alkaline waters dissolve out the silica from the slate bed- 
rock and the slate and volcanic pebbles, leaving these as tough, 
soapy blue clay (putty stones), and re-deposit the silica in their 
course, cementing the gravels and petrifying the drift-wood.* 
On the partially petrified drift-wood, in some places the silica is 
still found in a gelatinous condition, showing that the process 
is still going on. That the same waters carried iron in solution 
is proved by the abundant deposit of iron sulphide on the drift- 
wood. That they also in some cases carried gold is shown by 
the fact that in a few cases the iron sulphide thus deposited, 
when dissolved in nitric acid, leaves gold in crystals, threads 
and scales, like those found in true auriferous veins. 

Such are the phenomena. Now the explanation. Since in 
this case the water is now at ordinary temperature and moving 
nearly horizontally, and therefore not losing heat and pressure, 
the simplest explanation seems to be as follows: alkaline car- 
bonate and alkaline sulphide waters, circulating through the 
gravels, dissolved and redeposited the silica, cementing the 
gravels and petrifying the drift wood. They dissolved also 
both iron and drift gold found in their course, and carried 
them in solution as sulphides of iron and gold. Coming in 
contact with decaying drift-wood, the alkali was neutralized by 
the acids of organic decomposition, the silica and the two me- 
tallic sulphides were all deposited, the gold giving up its 
sulphur at the moment of its deposition. Or if it be possible 


* Old River Beds of California, this Journal, vol. xix, p. 176, 1880. 
+ Arthur Phillips, Phil. Magazine, vol. xliii, p. 401, 1872... 
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(which I think it is not), that iron and gold should exist as sul- 
pbates in the presence of alkaline bicarbonates and bisulphides, 
we may suppose these were reduced to sulphides by organic 
decomposition and the gold set free as before. In the deep 
gravels with the lava cap above, the slate bed rock beneath and 
solfataric waters flowing between and depositing silica and 
metallic sulphides in their course, we have exactly the phenom- 
ena of metalliferous-vein-formation, except that in this case 
the water-way is horizontal]. It is in fact a horizontal vein. 

8. Different kinds of veins.—If we assume then as probable the 
main principles sustained in the preceding pages, it is not diffi- 
cult to account for all the different kinds of veins described 
in practical works. It is certain that metalliferous veins have 
been filled by deposits from circulating subterranean waters. 
These waters may have been at any temperature, but mostly hot, 
because these are the more powerfully solvent. They may 
have circulated in any direction—up-coming, down-going or 
horizontally moving—but the up-coming, especially in volcanic 
and metamorphic regions, deposit most abundantly, because 
they are hot, under heavy pressure and usually contain alkaline 
carbonates and alkaline sulphides. 

a. Fissure veins—Again: Subterranean waters deposit in 
their courses, i. e., in water-ways; but these subterranean wa- 
ter-ways are infinitely various in character. The most perfect 
water-ways—the highways of up-coming subterranean waters— 
are the great fissures made by crust-movements. The fillings 
of these therefore form the richest, the most reliable and the 
most typical of veins, i. e., veins with their vein stuff, their 
selvage and their walls, all quite distinct. The clay selvage 
which is so characteristic of a true fissure vein is evidently 
wall rock leached of its silica by alkaline water. It is exactly 
analogous to the putty stones of the deep placers, and to the 
tough blue clay found at Sulphur Bank in the course of the 
ascending solfataric waters. 

b. Incipient fissures—Irregular veins.—But crust movements 
often produce, not clear open fissures, but only incipient fissures, 
i.e, slight irregular fracturing and loosening of the rock along 
certain vertical or highly inclined planes. Such a plane of 
. slightly and irregularly fractured and loosened rock inevitably 
becomes a water-way and by deposit forms an irregular vein 
composed of an infinite number of small veins branching and 
running together again in all directions, and enclosing masses 
of country rock between. Many irregular veins without dis- 
tinct continuous wall, like some of the cinnabar veins of Cali- 
fornia, and possibly some so-called segregative veins, come 
under this head. 

c. Brecciated veins—Or sometimes by repeated back and forth 

Am. JOUR. SeRIEs, VOL. XXVI, No. 151.—JuLy, 1888. 
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movement, the rock along such a fractured and loosened plane 
may be broken into small fragments like rubble. Such a plane 
of shattered rock—such a fissure filled with rubble of country 
rock—by deposit forms a brecciated vein, i. e. a mere rubble 
of country rock cemented with vein matter often rich in metals, 
Examples of such veins are not uncommon. -In the Bassick 
mines near Silver Cliff, Colorado, the vein consists of a rubble of 
trachytic rock cemented together with argentiferous galena. 
A fine specimen of this remarkable vein stone, is now in the 
University Museum.* In the carbonate mines, San Francisco 
district, Beaver Co., Utah, the vein which is 2 feet thick, con- 
sists of andesitic breccia with a cement of galena.t In the 
Cinnabar mine at Sulphur Bank, Lake Co., California, the vein 
isarubble of shale and sandstone country rock, cemented 
with silica and sulphides of iron and mercury, and the process 
is still going.t 

d. Substitution veins.—Again: if the country rock be soluble, 
as for example limestone, then the country rock may be re- 
moved in the course of the subterranean waters, and similar or 
different and less soluble matters may be deposited in its place. 
These are substitution veins. In fact the stalactitic and sta- 
lagmitic deposits in limestone caves may be regarded as substi- 
tution veins on a large scale, the mere change in the abundance 
and therefore in the degree of saturation of the waters having 
determined deposit instead of solution. For as the relative 
amount of suspended matters in superficial waters determines 
whether there be erosion or deposit along their channels; so 
the relative amount of soluble matters in subterranean waters 
determines whether there be solution or deposit along their 
water-ways. The lead veins of Illinois, Iowa and Missouri, 
and also of Leadville§ come under this head. Probably also 
many so-called segregative veins may come under this head. 
They are irregular substitution veins. 

e. Contact veins.—It is obvious that immediately along a 
plane of contact between igneous and stratified rock, or between 

* The breccia of Bassick mines is somewhat similar to that of Sulphur Bank. 
It consists of fragments of country rock slightly rounded at the corners and 
edges and covered with several layers of metallic sulphides. The evidence of 
deposit from ascending waters is complete. For an interesting account by 
Grabill, of this remarkable mine, see Trans. of Am. Institute of Mining 
Engineers for 1882. 

+ Becker, Ist Ann. Rep. of U. S. Geol. Surv., p. 38. 

t This Jour., vol. xxiv, p. 23 et seq., 1882. 

§ At Leadville the country rock is a dolomitic limestone with intercalary beds 
of porphyritic trachyte. The metals are supposed to have been in the porphyry 
in a finely disseminated condition, and to have been leached out and accumulated 
in hollowed-out channels in the limestone, in a gangue of iron, manganese and 
clay, partly or wholly filling the cavities. The ore was originally in the form of 
sulphide, but some of it is changed into oxides and carbonates. Emmons, Rep. of 
U. S. Geol. Surv. for 1881, pp. 203-231. 
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one igneous rock and another erupted at a different time, there 
will be a plane of weakness, and as such liable to be opened 
by crust movements. Every such plane of weakness will in- 
evitably be found by subterranean waters and become a way 
of ascent. The filling of these form contact veins. 

f: Irregular ore deposits—Kven porous strata, as gravel or 
sandstone may become a water-way and metals may be widely 
and irregularly deposited in them. Such deposits in proportion 
to the wideness of their distribution are poor; butin many cases 
the water following certain channels will deposit more richly in 
irregular streaks; or else the deposit is determined by the pres- 
ence of organic matters, such as fossil plants or animals, and 
therefore richer in irregularly distributed spots. Such are 
probably the copper and silver-bearing Triassic sandstones of 
New Mexico and Utah,* and the process is now reproduced in 
the deep placer gravels as already explained. It is not improb- 
able that some segregative veins may fall under this head: 
Even down-percolating waters may deposit metallic sulphides as 
shown by the occurrence of these as stalactites depending from 
the roofs of cavities.+t 

It seems unnecessary to explain still other kinds of veins or 
ore deposits such as gash veins, stockworks, fahl bands, etc. 
which are minutely described by practical writers—because 
once clearly apprehended the principle that subterranean waters 
deposit everywhere in their courses when conditions are favor- 
able, and all these infinite varieties lose their significance. 

Thus then, subterranean waters of any kind, but especially 
alkaline, at any temperature, but mostly hot, circulating in any 
direction, but mainly up-coming, and in any kind of water-way, 
but mainly in open fissures, by deposit form metalliferous 
veins. It is evident, therefore, that the form, appearance and 
mode of occurrence of veins must be infinitely various, but the 
mode of formation is substantially one. The study of these 
varieties may be and doubtless is, very important to the prac- 
tical miner and the mining expert, but is hereby shown to be 
of little value to science proper, except as illustrations of the 
one principle. 

Berkeley, Cal., March 27, 1883. 


* Cazin, Newberry etc., Report of Nacemiento Copper Mines, New Mexico. 
+ Schmidt, this Journal, vol. xxi, p. 502, 1881. 
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Art. II.—- Evolution of the American Trotting Horse; by 
Francis EK. NIPHER. 


[Read before the St. Louis Acad. of Science, May 7, 1883.] 


In the April number of this Journal, Professor Brewer gives 
a table of data for the number of horses capable of making or 
beating various speeds ranging from 2™ 80® to 2" 11°, for the 
series of years from 1848 to 1882. The three variables deter- 
mine a surface, having the equation 

(s, T) 

where N represents the number of horses capable of trotting a 
mile in s-seconds or better, and T represents the year estimated 
from any origin in time. This surface was constructed from 
the values given by Professor Brewer, and it was at once 
observed that for the lower speeds 2™ 30° and 2™ 27%, the sur- 
face was not continuous with the other speeds. The surface 
changed abruptly between the speeds 2:27 and 2:25. This 
abrupt change is perhaps explained by the fact that when 2°30 
was called a fast time, less general attention was paid to breed- 
ing trotters, so that N did not increase as rapidly as now. In 
later years when such animals are only considered valuable as 
roadsters and unfit for breeding for the turf, it is probable that 
an increasing number has been lost sight of, or remain undis- 
covered in private hands. 

In plotting the values log. N and T, each of the speeds gave 
a straight line, the lines for the speeds 2°30 and 227 being rep- 
resented by the equation 

log. N= 0°075 T 


while for all the higher speeds we have, very nearly at least, 
log. N=0°10 T 

where for each line, T has its origin at the intersection of the 

line with the time axis. These lines are shown in figure 1. 

It is evident by inspection that the values for 2°27 and 2°30 
are incomplete, as the lines for 2°27 and 2°25 would cross at the 
year 1880, indicating that as many horses could make 2°25 or 
better as 2°27 or better. I have therefore thought it improper 
to use the data for the speeds 2°30 and 2°27 in the subsequent 
discussion. 

Referring now to the lines which represent the other and 
higher speeds, it will be observed that the intersection of any 
line with the time axis, determines the date when for that 
speed, log N is zero or N is 1. In other words it gives us 
a calculated date when this speed may be supposed to have 
had its origin. To put the matter in language having no ref- 
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erence to real physical conditions, it determines the date when 
the amount of horseflesh capable of making this speed’ had 


1. 
log. N. 
3°0 


0-0 i /: Lil 


1840 1860 


increased to one horse. It is clear that this date, based as it is 
upon all the succeeding values through a series of years, is 
much more reliable than the date when some accidentally occur- 
ring trotting match revealed the fact that the horse capable of 
making the speed had already come. 

The dates for the origin of the 2:11 and 1°18 speeds cannot 
yet be determined very exactly, and in the following discussion 
this is to be borne in mind. The same holds true for speeds 
originating prior to 1840, and the additional consideration that 
the interest in breeding such animals was much less general 
then than now, the conditions of evolution being therefore dif- 
ferent, has caused the rejection of such data for the present 
discussion. 

The following table gives the calculated dates for the origin 
of the various speeds, where s represents the time required to 
trot a mile. In the third column the change in speed per 
annum is given, being calculated in a well known manner from 
alternate differences in the first two columns. 
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8 date. 


145 1854°0 
143 18574 
141 1861°0 
139 1864°7 
137 1869°0 
135 1872°6 
33 1878°3 
131 1881°0 


ds 
On plotting the values of qT and s, we get a somewhat irreg- 


ular series of points which, however, are represented fairly well 


by theeequation 
ds 


a —a-+bs (1) 
This line is shown in figure 2. It will be observed that the 
two points, which are farthest from the line, correspond to the 
speeds 2°11 and 2°13. 
The values of the constants in equation (1) are determined 
by well known graphical methods to be 
a= 1°289 
b=0°014 
It is evident that the condition giving the limiting speed is 
ap. This condition in (1) gives the maximum speed to 
which the American trotting horse will constantly approximate 
but never reach. This speed is a mile in 92 seconds or 1°32. 
Equation (1) can be put into the form 


(2) 


gunk, 


a 
where L is the limiting speed or 3 
This equation admits of direct integration as follows: 
8 T. 


ds ofar 


T 
or performing the indicated operations 
or putting the absolute term equal to A 
U(s—L)=A—6bT 
or finally for the primitive function 
s=L+e4-* 


ODS 
050 
0°43 
0°48 
(3) 
(4; 
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where e is the Naperian base, and where A is the value of 
U(s—L) at any arbitrary zero in time, T being estimated in 
years from the same zero. The following table contains the 
common logarithms of s—L for the corresponding dates, and 
these two variables are also plotted in figure 2. 


log (s—L) T (s—L) cale. 


1724 | 52°7 
1706 |  -50°8 
1-690 
1672 | 47-0 
1°653 44:8 
1633 43°1 
1613 40°5 
1591 | +210! 39° 


1880 Year. 
log (S-L) 


1°70 


1:60 
133 135 137 139 143 S 


Estimating T from the year 1860 and taking common log- 
arithms, we obtain, by graphical methods, from the plotted 
line 

log (s—L)=1°694—0-0047T (5) 
Substituting in this equation the values of T, and re-calculating 
the values of s-L as given in the fifth column of the table, it 
is seen that the greatest difference between the calculated and 
observed values of s, for any date of the table is half a second, 
which corresponds to an error of about a year in the date for a 
given speed. The differences in the final column show that a 
readjustment of the constants in eq. (5) would make the agree- 
ment better, but at present it is hardly worth the trouble, as 
the values would not be materially changed. 

By making s—L=1 in (5) we have 

1°694—0°0047T=0 
or T=860 which is the number of years after 1860 when the 


18540 | 63 ~0'3 | 
1857-4 | 51 
1861°0 | 49 —01 
18647 41 0-0 
| 45 
18726 | 43 +01 
18783 | 41 
18810 | 39 +0°3 
2. 
1850 1860 1870 
| 
0°6 | 
0°5 | 
1°65 
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time of the trotting horse will be reduced to within one second 
of the limiting value. 

It will be understood of course that it is not claimed that 
the numerical values here determined are at all precise. In 
all probability the true value, L, is somewhat larger than 92 
seconds, and may possibly be as great as 100. This value can 
probably be determined with considerable accuracy in the 
course of ten years. It is, however, quite clear that the limit- 
ing speeds of trotting and of running horses, can differ at most 
by only a very few seconds. 


Art. IIL—The Burning of Lignite in situ; by CHARLES A. 
WHITE. 


-[Published in advance by permission of the Director of the U. S. Geological 
Survey. ] 


TRAVERSING those portions of Colorado, Wyoming, Mon- 
tana and Dakota which are occupied by the Laramie Group, 
one often observes that portions of its strata which are ex- 
posed in the bluffs and buttes have a conspicuous brick-red 
color. Upon close examination of at least a large part of these 
reddened strata it is evident that they originally bore the buff, 


bluish or yellowish colors of their associated strata, and that 
they have received their present red color from the same source 
that bricks do, namely, from heat. Also scattered upon the 
slopes and among the debris where these reddened strata exist, 
there are frequently to be seen masses of slag, such in appear- 
ance as results from furnace fires or from the consumption of 
impure coal. Much of it is plainly seen to consist of partially 
fused rock, and masses are common which have the appearance 
of true volcanic lava; to which source indeed many persons 
have believed them due. 

Dr. Hayden made mention of these phenomena in his re- 
ports and others have done the same to some extent; but 
probably the fullest and best description of them that has ever 
been published was given by Mr. J. A. Allen in the Proceed- 
ings of the Boston Society of Natural History, volume xvi, 
pages 246-262. 

Professor James D. Dana has also some important remarks 
upon the subject in his Mineralogy (1880), page 763; but my 
object in again calling attention to this subject is to make some 
suggestions as to the origin of these fires and the time within 
which they have taken place. 

During my examination of the Laramie Group in North- 
eastern Montana last summer I had good opportunities for 
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making observations upon the phenomena connected with the 
burning out of lignite beds there. In that portion of Montana 
which is traversed by the lower portion of Yellowstone River, 
the Laramie Group contains several distinct beds of lignite 
which occur at irregular intervals, ranging from near the base 
of the group to its summit. These lignite beds vary from 
mere carbonaceous seams to five or six feet or more in thick- 
ness. Practical tests that have been made of the product of 
many of the beds show it to be readily combustible, but it is 
not so durable and serviceable a fuel as could be desired. In 
all that region, not only in the valleys but upon the uplands, 
the Laramie strata have by erosion become abundantly ex- 
posed in the bluffs and bad-lands in and near the valleys, and 
also in the knolls and gullies upon the upland surfaces. Beds 
of lignite are frequently brought to view in the larger of these 
exposures and traces of them are also occasionally seen upon 
the grassy upland surfaces. Although the beds have been 
fired at hundreds of places it is only in a few places that those 
which are now exposed are seen to have so suffered near their 
present exposures. 

In several instances, however, I was able to trace within a 
short distance, a bed of lignite from a point where it was un- 
changed and associated with yellowish and carbonaceous sandy 
shales and sandstones both above and beneath it, to a point 
where it had been burned out. At such points the place of 
the lignite was represented by a thin layer of unmistakable 
ashes containing masses of slag which had resulted from the 
burning of the lignite together with impurities, and the shales 
for several feet in thickness above and below had been reddened 
by the burning. Furthermore, I found at three different places 
in that region, a bed of lignite still burning beneath the sur- 
face. Smoke was given off through fissures in the earth and 
the odor of burning coal was perzeptible at a considerable dis- 
tance. Heat was perceptible to the touch at the surface and it 
was too great for the hand to bear when thrust down into the 
fissures which were caused by the falling in of the superin- 
cumbent strata as the lignite was consumed. The burned-out 
lg near by presented a like appearance with that which 

as just been described, and where the fire had been long 
extinguished. 

There being no question as to the fact of the burning of 
these lignite beds beneath the surface, I endeavored to learn 
how the ignition had taken place, and when the beds began to 
be burned out. There seems to be only two ways in which 
their ignition could have been accomplished. One is by spon- 
taneous combustion and the other by contact at exposed places 
of prairie fires, or fires caused by human agency. While 
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forest fires may sometimes have resulted from lightning, it is 
not thought probable that a bed of lignite in situ could be 
thus ignited. I believe that in a great majority of the cases 
ignition has taken place spontaneously, like that which is often 
seen in progress in the piles of refuse coal that collect about 
the mouths of coal mines; and yet it is probable that in some 
cases the firing has been caused by the burning of grass and 
other vegetation upon the adjacent surface, caused by human 
agency. 

Although, as already stated, beds of lignite are still burning 
at a few localities, there is evidence that of the many thou- 
sands of cases of such burnings that are known to have oc- 
curred, a large part of them are very ancient, probably more 
ancient than the artificial introduction of fire upon the conti- 
nent. 

The great erosion that the strata of the Laramie Group have 
everywhere suffered, even in regions where they have been 
little disturbed, has already been referred to. Upon the up- 
Jands of the region examined by me last summer numerous 
buttes and knolls occur upon the very summits of which are 
little patches of the heat-reddened shales, and the slopes of 
which are strewn with the slag of former lignite-fires. These 
are evidently the only remaining traces of beds of lignite that 
once existed at or above the horizon of the tops of these knolls. 
Furthermore, on the upland surfaces more or less distant from 
such knolls, one often meets with masses of the well-known 
slag which could have been transported there by no known 
agency, but which have doubtless settled down from the 
horizon where they were produced by burning lignite, as the 
surface was afterward lowered by erosion. These examples do 
not occur where erosion has been most rapid, but on the con- 
trary they are where the minimum rate of erosion has occurred. 

Such examples seem to prove conclusively the great an- 
tiquity of many of these lignite-fires, and if, as is supposed, 
these fires took place by spontaneous combustion as the beds 
of lignite became by erosion successively exposed to atmo- 
spheric influence, there is no necessity for considering the limit 
of their antiquity with reference to human agency in the pro- 
duction of fire. Indeed, taking this view of the matter there 
appears to be no reason why the earliest of these fires in the 
Laramie lignites may not have occurred as early as, if not 
earlier than, later Tertiary time. 
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Art. IV.—On the Paramorphic Origin of the Hornblende of the 
Orystalline Rocks of the Northwestern States; by R. D. IRVING. 


THE crystalline rocks of the northwestern States belong to 
the Archean formations and to the Keweenaw or Copper-Bear- 
ing Series. The hornblende-bearing kinds are distributed 
among the three general classes of (1) crystalline schists, (2) 
granites and syenites, and (3) greenstones—the last term being 
used to cover all the basic massive rocks. 


Crystalline schists.—T he hornblende-bearing crystalline schists 
are hornblende-gneisses and hornblende-schists. The horn- 
blende-gneisses are much more abundant in this region than 
true mica-gneisses, although the latter not unfrequently occur. 
Transition forms, in which hornblende and mica are associated 
in all proportions, are more common, however, than kinds 
without any hornblende. The hornblende-schists are merely 
more highly lamellar and fine grained varieties than usual of 
the gneisses into which they grade. These schists present a 
groundmass of fine particles of quartz, often with some ortho- 
clase, carrying relatively large and generally predominant horn- 
blende grains. Transition forms between the hornblende-schists 
and true mica-schists (biotite-schists) also occur. 

During the last three years I have examined a large number 
of sections of these hornblendic gneisses and schists, coming 
from the Flambeau* River region in northwestern Wisconsin, 
from the upper Wisconsin Valley + in central Wisconsin, from 
the Menominee River region in northeastern Wisconsin, from 
the Penokee region{ of northern Wisconsin, and from the 
Mississippi Valley in Minnesota. In the larger number of 
these sections augite occurs, either as a prominent accessory, or 
even as a dominant chief ingredient. Moreover, as was first 
shown by Mr. C. R. Vanhise, who did most of the work in the 
examination of the sections from the Wisconsin Valley, both 
hornblende-gneisses and hornblende-schists graduate into kinds 
in which augite completely replaces the hornblende. Along the 
Wisconsin River and several of its tributaries in southern Lin- 
coln and western Marathon counties,§ augite-gneisses and augite- 
schists are prominent rocks. Even in the mica-gneisses, when- 
ever hornblende appears as an accessory, augite is met with 
also.|| The hornblende of all these schists is the more common 

* Geology of Wisconsin, iv, p. 617. 

+ ‘Crystalline Rocks of the Wisconsin Valley,” by R. D. Irving and C. R- 
Vanhise. Geology of Wisconsin, iv, pp. 627-704. 

¢ Geology of Wisconsin, iii, pp. 92-99. 

§ Geology of Wisconsin, iv, pp. 692-696, 702-707. 

| Geology of Wisconsin, iv, pp. 628, 631-635, 640-642. 
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variety, yielding greenish sections, but it shows all gradations 
from the fibrous forms generally regarded as characteristic of 
uralite, to large, non-fibrous, strongly cleaved, and deeply col- 
ored crystals. 

The first to notice augite in any of the northwestern crystal- 
line schists was Dr. A. Wichman, who in the third volume of 
the Geology of Wisconsin announces its occurrence, in a va- 
riety near to sahlite, in the hornblende-schists of the Huronian 
of the Menominee and Marquette regions of Wisconsin and 
Michigan.* He also noted its occurrence in a few sections of 
gneiss and mica-schist. Kalkowsky, however, had already 
made the same observation on certain European gneisses and 
mica-schists.¢ Shortly after the appearance of Wichman’s 
publications I studied the Flambeau River schists above men- 
tioned and found them to be identical with those described by 
him from the Menominee region, save that in some sections the 
augite assumes a greater importance. My suspicions were 
then aroused that all the hornblende of these rocks might be 
but a paramorphic product of the augite, and when, somewhat 
later, I came in conjunction with my assistant Mr. Vanhise to 
study a suite of specimens representing a large area in the 
Wisconsin Valley, I was on the outlook for evidence on this 
point. We soon found my suspicions abundantly confirmed, 
for not only did we find augite occurring almost universally in 
the hornblendic gneisses and schists of this region, and even 
wholly replacing the hornblende, as above stated, but a num- 
ber of sections were observed in which the augite distinctly 
occurs as cores to the hornblende. which is at times fibrous 
like uralite, but oftener is without fibrous character. 


Granites and Syenites.t—The granites of this region are in 
considerable part merely dependencies of the gneisses, but irreg- 
ular areas of massive granite, plainly of an eruptive nature, also 
occur. These are sometimes mica-granites, but are also often 
hornblendic. Nearly all sections yet studied of the latter kind 
of granite show augite as well as hornblende, and frequently in 
the shape of cores to the hornblende, which appears not only 
of the uralitic and ordinary green varieties, but also in the kind 
known as basaltic, which yields characteristic dark-brown, very 
deeply absorptive sections. 

A prominent instance of a granite containing hornblende is 
the coarse-grained rock of Big Bull Falls on the Wisconsin River. 
The following is quoted from a summary description of the 

* Geology of Wisconsin, iii, pp. 606, 620, 628, etc. 

+ Tschermak’s Min. Mittheilungen, 1875. p. 45. 


¢ These terms, as also those applied to the massive rocks below, are used in ac- 
cordance with the Rosenbusch nomenclature. 
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microscopic characters of this granite, prepared, after the study 
of a number of thin sections, by Mr. Vanhise.* 

“These rocks are all very much alike in their chief charac- 
teristics. The feldspars, which are always a good deal decom- 
posed, are in all cases the dominating constituents. The three 
species—orthoclase, oligoclase and microcline—are always pres- 
ent, the latter being usually the most abundant one. Apatite 
is present in all the sections, though varying greatly as to size 
and number of crystals. It is a constant inclusion in the feld- 
spars, and is also often to be seen in the quartz, diallage and 
hornblende. The quartz, except in two or three slices, is a 
subordinate ingredient. Both primary and secondary quartz 
appear to occur. Apparently primary are the large integral 
grains filling interstices between the other ingredients; but in 
some sections a portion of the quartz is arranged within the 
feldspars in such a way as to suggest its secondary nature or at 
least its deposition after a certain amount of decomposition had 
affected the feldspars. The augitic ingredient in most cases is 
plainly diallage, and all that does not show the characteristic 
cleavage of diallage is much decomposed. The diallage occurs 
both independently, and even quite without any associated 
hornblende in the slice, and also in the shape of cores to uralite 
or hornblende individuals. It appears probable that all the 
amphibole is an alteration-product of the diallage. In support 
of this position are the following facts: The hornblende occurs 
both as greenish fibrous uralite, enveloping centers of diallage, 
and also in the shape of ordinary basaltic hornblende without 
included diallage, and with the characteristic color, cleavage and 
dichroism. Aguin, the latter kind of hornblende occurs as a 
mere border about a diallage center, and from this condition in 
every stage of — up to the complete disappearance of 
the diallage.t Finally, both uralite and basaltic hornblende are 
found, not only with a single core of diallage to each crystal, 
but with several or many spots of the original mineral.” 

True syenites, that is, massive granular rocks composed of 
hornblende and orthoclase as chief constituents, seem to be very 
rare in the Archean of the northwest. Wichman only has 
described one or two instances from the Marquette region of 
Michigan. Among the Keweenawan eruptives, however, there 
is a peculiar kind of granite-like rock composed chiefly of red 
feldspars, including a triclinic kind which is apparently near 
oligoclase, as well as the predominating orthoclase, but in which 
augite also occurs in subordinate quantity, so that I have else- 

*Geol. of Wis., iv, p. 662. 

+G. W. Hawes has described and figured a similar relation between augite and 


ge hornblende, in the Lithology of New Hampshire, pp. 57, 206; and Plate 
II, fig. 1. 
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where described them under the name of augite-syenite.* In 
most sections of these rocks quartz is present, and in the more 
distinctly granite-like kinds may be of a primary nature, but most 
of it is plainly secondary, or at all events has been deposited 
after the crystallization and solidification of the rest of the rock. 
The augite of these rocks is always in very subordinate quan- 
tity; it is nearly always very much altered, the more ordinary 
forms of alteration being to a mass of nearly opaque ferric 
oxide. In some cases, however, the change has been to a true 
hornblende or uralite. 


Greenstones.—The greenstones of the region in question may 
be divided as to their mineralogical composition into the four 
groups of peridotite, gabbro, diabase and diorite; and as to 
their geological relations, into the three groups of Laurentian,+ 
Huronian and Keweenawan greenstones. 

All four of the forms of greenstone mentioned are met with 
intersecting the older gneisses, much the most common being 
the diabases. The peridotites, since they never have been 
found to carry hornblende, do not need to be considered here. 
Hornblende has, however, been met with in the gabbros and in 
every case yet studied it is plainly derived from augite or dial- 
lage.t The diabases include both olivine-free and olivinitic 
kinds, the sections so far as examined being usually free from 
hornblende, but whenever this mineral occurs it is always 
plainly altered augite. The diorites are not common, the only 
sections thus far examined coming from Rib River in the west- 
ern part of Marathon county, Wisconsin.§ (N. W. 4, Sec. 26, 
T. 29, R.5 EH.) These represent a coarse-grained rock which 
may be seen macroscopically to be composed essentially of dark- 
green lustrous hornblendes, and large-sized feldspars which often 
show striations. In a thin section, however, a large number of 
the hornblendes are seen to contain cores of augite or diallage, 
often several cores in a single individual. 

The greenstones or basic massive rocks of the Huronian 
have been studied microscopically in the Marquette and Meno- 
minee regions by Wichman.| I have myself studied them in 
the Penokee region of northern Wisconsin, and in the Thunder 
Bay, Pigeon River region of the north shore of Lake Superior, 


* Third Annual Report of the Director of the U. S. Geological Survey, p. 114; 
also the “ Copper-Bearing Rocks of Lake Superior,” vol. v, Monographic series of 
the publications of the U. S. Geol. Survey. This name is unsatisfactory, since 
the rock is in the main composed of feldspars, usually more or less corroded by 
quartz. It grades through semi-porphyritie kinds, which might perhaps be called 
granitic-porphyry, into true quartz-porphyry. But I am reluctaat to coin a new 
name. 

+ The term Laurentian is here used provisionally only to cover those gneisses 
and schists which seem plainly older than the Huronian. 

¢ Geol. of Wis., iv, pp. 701, 716, 711. § Geol. of Wis., iv, pp. 698, 699. 

|| Geol. of Wis., iii, pp. 618, 621-630. 
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where they occur on a grand scale in what has been called by 
Hunt the ‘Animikie Group.” This group has been described 
by Logan, Bell and others as the lower part of the Copper-bear- 
ing series, and by Hunt as much newer than the latter series, 
but it is plainly, as I have elsewhere tried to show,* the exact 
equivalent of the Huronian of the Penokee region, and of the 
south shore of Lake Superior generally. In the Huronian of 
the Menominee-Marquette region the greenstones inciude all 
of the four types above named, but the diabases are by far the 
most important, occurring not only in dike-form, but also in 
the shape of inter-bedded flows.t Hornblende occurs in some 
of these diabases as an unimportant accessory, and although 
Wichman failed to show its paramorphic origin, in the few 
sections that I haye myself seen this mineral is plainly of a 
secondary nature. In the diorites of this region, however, 
Wichman found augite crystals more or less completely changed 
to hornblende.§ Greenstones are rarer in the Penokee Huronian 
than in that of the Menominee region, and have as yet been only 
imperfectly studied microscopically, most of the work upon them 
having been done some years since, before any suspicion of a 
paramorphic origin for the hornblende was entertained. So 
far as later investigations have progressed the indications are 
that the hornblende of these rocks also is secondary. 

The greenstones of the Animikie group are displayed ina 
magnificent way along the shores of Thunder Bay, and inland 
to the west and north from there, occurring both in dikes and 
in great interbedded sheets. These greenstones include several 
varieties of gabbro and several of diabase, which I have else- 
where described. Hornblende is not often met with in sections 
of these rocks, but when occurring seems always to be beyond 
question secondary. 

The Keweenawan greenstones include several varieties of 
each gabbro and diabase. I have described them in detail 
elsewhere. Hornblende on the whole is unusual in any of 
these rocks, but when it occurs it is almost invariably uralite ; 
that is, plainly secondary to augite. In the sections of one 
unusual variety of gabbro met with in Ashland County, Wis- 
consin, which I have described as hornblende-gabbro,** in place 
of the ordinary uralite, or in addition to it, there occurs a deep 

* Third Annual Report of the Director of the U. S. Geol. Survey, pp. 159-163. 
Also ‘‘ Copper-Bearing Rocks of Lake Superior,” pp. 367-386. 

+ These interbedded diabases of the Huronian have been described by Brooks 
and others as metamorphic, but there can I think be no question as to their 
eruptive origin. ¢ Geol. of Wis., iv, p. 607. 

§ Geol. of Wis., iii, p. 628. 

Third Annual Report of the Director of the U. S. Geological Survey, pp. 
157-163; also, more completely in my memoir on the Copper-Bearing Rocks of 


Lake Superior. J op. cit. 
** Copper-Bearing Rocks of Lake Superior, pp. 56-58. 
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brown intensely absorptive basaltic hornblende. Pumpelly 
first described this rock in the third volume of the Geology of 
Wisconsin, under the name of augite-diorite,* this name being 
given because he regarded the hornblende as primary and the 
rock as intermediate between diabase and diorite. In the same 
volume I suggested that the hornblende was secondary and 
that the rock was merely an altered gabbro.¢ This opinion I 
find sustained by a re-examination of Pumpelly’s sections, and 
by the study of a number of new sections. The hornblende is 
found in every stage of growth from an augite crystal, with a 
slight border of hornblende, to a completed crystal without 
trace of augite. 


Thus, after an examination of about a thousand thin sec- 
tions representing the crystalline schists, acid eruptives and 
basic eruptives of a region some four hundred miles in length 
by 300 in width, and of three distinct geological systems, I 
have found no hornblende that is not either clearly, or very 
probably, secondary to augite. 

February 1, 1883. 


Art. V.—The Bishopville and Waterville Meteorites ; by M. E. 
W ADSWORTH. 


1. Zhe Bishopville Meteorite. 


THE meteorite which fell at Bishopville, South Carolina, 
March, 1848, has been regarded as an interesting and peculiar 
one. Professor C. U. Shepard in 1846 (this Journal, II, ii, 
380-381), described from it, under the name of chladnite, a 
mineral which he regarded as a tersilicate of magnesia, and as 
forming over two-thirds of the stone. The color was snow- 
white, rarely tinged with gray. Luster pearly to vitreous, trans- 
lucent. H. 6-6°5; sp. gr. 3°116. Fuses without difficulty before 
the blowpipe to a white enamel. He further describes as 
apatoid some very rare, small, yellow, semi-transparent grains, 
having a hardness of 5. A third mineral which he named 
todolite was of a pale smalt-blue color, vitreous luster, brittle. 
Hardness 55-6. Fuses easily with boiling into a blebby, color- 
less glass. This was found only in a small quantity. 

Later, Shepard gave a fuller account of this stone, holding 
that it contained chladnite ninety per cent, anorthite six per 
cent, nickeliferous iron two per cent, and two per cent of mag- 
netic pyrites, schreibersite, sulphur, iodolite and apatoid. The 
chladnite' was analyzed and the results will be given below. 
(Ibid., 1848, IT, vi, 411-414). 

* p, 36. + p. 170. 
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The stone was néxt investigated by W. Sartorius von Wal- 
tershausen. He described it as chiefly made up of a white sili- 
ceous mineral forming a finely crystalline mass, with here and 
there little points showing metallic luster, also grains of mag- 
netite and brown oxide of iron. The hardness of the white 
mineral was given as six, and the specific gravity as 3-039. 
His analysis is given below. His results indicated that the 
siliceous portion of the meteorite was composed of 95°011 per 
cent of chladnite and 4°985 per cent of labradorite. The 
former he found to be monoclinic and related to wollastonite 
in specific gravity, color, texture, hardness and crystalline form 
(Ann. Chem. Pharm., 1851, lxxix, 369-370). Later Professor 
J. Lawrence Smith stated that from some of his investigations 
“chladnite is likely to prove a pyroxene” (this Journal, 1855, IT, 
xix, 163); and in time he published a further discussion giving 
an analysis which will be found below. As a conclusion from 
his results he said of chladnite: ‘It is identical in composition 
with Mnstatite of Kenngott” (ibid., 1864, xxxvili, 225, 226). 
Earlier than Smith’s Jast paper, some investigations were made 
upon this meteorite by Professors Carl Rammelsberg and Gus- 
tav Rose. The former held that the yellowish-brown and 
bluish-gray particles (the apatoid and iodolite of Shepard) arose 
from the oxidation of the nickeliferous iron or the alteration 
of the pyrrhotite. 

The analysis of Rammelsberg is here given in connection 
with those of Shepard, Waltershausen, and Smith. 

Rammelsberg. Smith. Waltershausen. Shepard. 
59°83 67'140 70°41 
1-478 
50 1706 
39°22 27°115 28°25 
1818 
0-74 
trace trace 


trace trace — 
0°671 
trace 


10061 100-29 99'928 

Rose’s examination showed that the chladnite fused before 
the blowpipe only on: the edges to a white enamel (Abhandl. 
Berlin. Acad., 1863, pp. 117-122). Rammelsberg, infthe con- 
tinuation of his work, later declared that no feldspar was to be 
found in the stone (ibid., 1870, pp. 121-128). 

Through the courtesy of Mr. John Cummings and the Cura- 
tor of the Boston Society of Natural History, I have been per- 
mitted to make a microscopic examination of a small portion 
of this meteorite now deposited in the collection of that society. 

Am. Jour. VoL. XX VI, No. 151.—Juxy, 1888. 
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The portion examined is a grayish-white tnass resembling, as 
Shepard remarked, a grayish-white granite (albitic), with brown 
and black spots. Under the microscope it is seen to be com- 
posed of an entirely crystalline mass of enstatite, augite, feld- 
spar, olivine, pyrrhotite and iron. The structure is essentially 
granitic, and it appears to belong to the gabbro (norite) variety 
of the basalts as defined by myself in “ Science” for March 9th, 
18838. 

The enstatite is clear and transparent. It shows a longi- 
tudinal cleavage parallel to the line of extinction, and in some 
specimens this is crossed by a cleavage at right angles. It also 
has a cleavage which is often well marked and breaks the 
mineral into rhombic forms with angles, as approximately 
determined by several measurements, of 73° and 107°. The 
principal cleavage is parallel to the longer diagonal of these 
rhombs. It is this rhombic cleavage, probably, which has led 
observers to believe that chladnite crystallized in the mono- 
clinic or triclinic systems. 

The enstatite is found to contain many glass inclusions with 
polyhedral outlines, the planes being presumably, as is usual in 
such cases, the planes of the inclosing mineral. While many are 
arranged in the enstatite parallel to the cleavage planes, others 
are placed at every angle with those planes. The glass inclu- 
sions carry bubbles, microlites and rounded lenticular forms. 
The last are frequently at the end of the inclusion, and in 
some cases show the cherry-brown color of some chromite. 
This material, besides forming inclusions in the glass, is in len- 
ticular and irregular rounded grains in the enstatite itself. It 
sometimes extends in a series of grains across the entire ensta- 
tite mass and at others is in isolated forms. These inclusions 
microscopically are seen to be composed of a center of nickel- 
iferous iron or pyrrhotite, surrounded by a band of dark material, 
chromite or magnetite possibly. These ferruginous materials 
are in many cases surrounded by a yellowish-brown staining 
of iron which sometimes extends over a considerable portion of 
the mass and along the fissures. Along one plane in the en- 
statite numerous vacuum or vapor cavities were observed. 
The inclusions are seen to be crossed and cut by the cleavage 
and fissure planes of the enstatite, showing that they were of 
prior origin to the fissures. 

The feldspar stands next in abundance to the enstatite and is 
in irregular masses held in its interspaces. It is water-clear, 
and almost invisible by common transmitted light. Much of 
it is seen to be plagioclastic; but the twinning bands are so 
exceedingly fine and the polarization colors.so bright it does 
not as a rule show well this character, except with high powers 
and when the mineral is near the point of extinction. The 
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feldspar contains numerous yellowish-brown, dark and almost 
colorless inclusions, sometimes irregularly scattered but more 
commonly arranged along planes like the fluid inclusions in 
quartz. These glass inclusions are of various dimensions and 
many contain a small bubble. Some microlites were also seen. 

In the feldspar at one end of a section the enstatite was 
found in minute crystals extending outward from a center 
forming stellate or rosette-like forms. The structure is like 
that observed in terrestrial rocks in minerals formed from 
alteration or solution. This apparently might have been pro- 
duced in this case, either by the rapid crystallization of enstatite 
material of a liquid feldspathic mass, or by secondary alteration 
through water action on the rock itself. The absence of any 
other signs of alteration, except in the ferruginous materials, 
seems to negative the latter supposition. The ferruginous 
alteration can probahly be accounted for by the absorption of ° 
moisture by this friable fissured stone since it reached the earth. 
The bands of inclusions were seen in several instances to ex- 
tend from the feldspar through the enstatite, and in one case 
pass into another feldspar on the opposite side. This indicates 
that the cause of these inclusions was a general one for the rock 
mass, and not limited to any one mineral. The enstatite was 
found in a few cases inclosed in the feldspar. 

The monoclinic pyroxene or augite is less abundant, and its 
determination less sure than is the case with the enstatite and 
feldspar. It is crossed by fissures in a very irregular manner, 
but shows in some cases the approximately right angled cleav- 
age of augite. In its optical characters it resembles that min- 
eral; but its polarization is more brilliant than that of terres- 
trial augite and resembles that of olivine. All the transparent 
minerals of the section are clearer and lighter colored than their 
mundane representatives and hence tend to show in polarized 
light, clearer and more brilliant colors. The augite is not 
however so water-clear as the enstatite, but has a very faint 
tinge of yellowish-green. The ferruginous inclusions are the 
same in this as in the enstatite. 

The determination of the olivine is more doubtful, since it 
only appears in small irregular grains and masses, which hold 
a similar relation to the other minerals that the olivine of ter- 
restrial gabbros usually does. From this and the fact that 
optically these masses are like olivine, they are referred to that 
mineral. 

This stone in its mineralogical composition, its structure, 
bubble-bearing glass-inclusions, and microlites is like terrestrial 
eruptive rocks and it is presumable that it had a similar origin. 
If the common methods of lithological nomenclature were 
followed by the writer it would be proper for him to give this 
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rock a name as a rock species, but in accordance with the prin- 
ciples of his classification he prefers to regard it as belonging to 
the gabbro variety (norite) of basalt; for he holds to the essen- 
tial unity of the universe and sees no necessity of employing 
different names according as the rock comes from above or 
below. 

From the description of the mineral constituents of this 
meteorite it would seem that regarding the presence of tlie 
feldspar, Messrs. Shepard and Waltershausen were correct while 
Rammelsberg was not. This shows the inability of the ablest 
mineralogical chemists to draw correct conclusions regarding 
the mineral constituents even of an unaltered rock. The 
trouble appears to reside with the instrument employed— 
that is, with a defect in the method. Chladnite ought no longer 
to be regarded as enstatite of the purest kind as stated in most 
mineralogies but rather as a mineral aggregate of which enstatite, 
feldspar and augite are the principal constituents. 

While these observations give an approximate solution of 
the Bishcpville meteorite puzzle of twenty-seven years stand- 
ing, it would be well if some one having larger amounts of this 
meteorite at their disposal could make a chemical analysis of it 
as a whole, and also analyze the minerals by the modern micro- 
scopic—specific gravity—chemical method.* 


2. The Waterville Meteortte.+ 


At about midnight, sometime in Sept., 1826, a meteor was 
seen to pass over Waterville, Maine, by Captain Josiah Crosby 
of that town. Itcame from the southeast and passed in a curved 
line with a regular motion towards the earth. A moment after 
it disappeared from sight, a report like that of a small cannon 
was heard. A few days later Mr. Crosby picked up in a field 
about one-third of a mile from the place where he stood when 
he saw the meteor, a specimen which he regarded as a frag- 
ment of it. Bearing upon the question whether it could bea 
fragment of anything else or not, he stated that no glass works 
existed in that part of the State, but that common brown earth- 
ern-ware was formerly manufactured about one-third of a mile 
from the spot on which the meteorite(?) was found. ‘It was 
a solitary stone, the soil consisting entirely of sandy loam. 
There was no stone or accumulation of stones within two miles. 
The specimen, when picked up, appeared to be a newly de- 
tached mass. The grass upon which it lay was short and 
close to the ground, and was entirely unchanged in appearance.” 

* Read before the Boston Society of Natural History, April 4th, 1883; Science, 


1883, i, 314. 
+ Briefly mentioned in Science, 1883, i, 377. 
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The stone was presented by Mr. Crosby to Virgil D. Parris, 
and by him to Professor G. W. Keely of Waterville College 
(now Colby University). A portion of the specimen was given 
by Professor Keely to Professor C. U. Shepard, who published 
an account of it in this Journal (1848, II, vi, 414, 415), from 
which account sufficient has been taken to render this paper 
intelligible to those who have not access to Professor Shepard’s 
original publication. His analysis gave the following results: 


Al,O; FeO MgO CaO Total. 
70-00 18°50 8:00 2°59 1:90=100°99 

It was regarded by Shepard as a doubtful meteorite, and in 
his later catalogues has been omitted. My attention was espe- 
cially called to it from the description and analysis indicating 
that it belonged, if a meteorite, to a group of which only one 
authentic specimen is known (Igast), although several doubtful 
ones exist. It was then a matter of importance to ascertain 
whether it was a meteorite or not; and if one to ascertain its 
microscopic characters. On inquiry of my friend and colleague 
Professor C. E. Hamlin, I learned that the main mass of the 
specimen was presented to the cabinet of Colby University by 
Professor Keely in 1871. Through the kind offices of Profes- 
sor Hamlin, who is now a trustee of that college, the specimen 
was placed in my hands for microscopic examination. 

It is a small triangular cinder-like mass, cellular, laminated, 
and on the fresh fracture of an ash gray color. The laminated ap- 
pearance is produced by a series of flattened cells surrounded by 
a black vitreous mass. The original surfaces are coated with a 
gray, red-brown and bluish-black crust formed by fusion. The 
formerly upper portion of the mass, when examined under a 
lens, is seen to be worn and _ polished, as siliceous rocks are apt 
to be when exposed to rain, while the remaining parts of the 
surface are found to be coated to some extent by earthy ma- 
terial the same as rocks are when lying in a dry sandy soil. 
Its cavities contain in places a fine brown matted mass formed 
by the fibers of growing plants, and under the microscope their 
vegetable character can readily be distinguished. 

The specimen then when picked up by Captain Crosby could 
not have been a newly detached mass, but had been for a long 
while partially buried in the soil, and of course could not have 
been a portion of the meteor which he saw. It remains then 
to consider the very improbable supposition: is it a fragment 
of a meteorite which fell at some former period ? 

Microscopically it is seen to be a cellular glassy mass which 
has begun to devitrify, and presents the appearance of aslag-like 
body, which has been long exposed to the action of atmospheric 
agencies. The sections were cut across the laminations, and 
showed a fluidal structure parallel to it. A few quartz grains 
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which were cracked and fissured were seen. Near the fissures 
numerous ferruginous globulites had been developed and the 
quartz showed evident signs of having been exposed to strong 
heat. Adjacent to the flattened, as well as some other cells, is 
a black and brown ferruginous material. 

The sections show not the slightest trace of characters belong- 
ing to any meteorite that has yet been examined microscopically 
either by myself or by others, so far as can be ascertained by 
their published descriptions. It is apparently a slag and most 
probably derived from the earthern-ware manufactory at some 
earlier date. 

No blame attaches to Mr. Crosby, for he undoubtedly acted 
to the best of his knowledge in making his observations and 
statements; and it will be noticed that his remark, that it lay 
upon the surface while the grass was untouched, was opposed 
to its meteoric origin and in accord with the results of my 
examination. 

Cambridge, Mass., April 14th, 1883. 


Art. VI.—A Simple Method of Correcting the Weight of a Body 
for the Buoyancy of the Atmosphere when the Volume is un- 


known; by JOSIAH Parsons Cooke. (Contributions from 
the Chemical Laboratory of Harvard College.) 


It is a familiar fact that in the usual method of accurate 
weighing the buoyancy of the atmosphere produces a sensible 
effect whenever the volume of the load differs materially from 
that of the equipoise. But, as in all ordinary processes of 
chemical analysis the analyst deals solely with relative weights, 
the presence of a perfectly dry atmosphere does not influence 
his results, unless the conditions of temperature and pressure 
have changed between the successive weighings: and even then 
the effect is insignificant in most cases. Stiil when the volume 
of the vessel weighed differs from that of the weights by as 
little as twenty-five cubic centimeters—for example in weigh- 
ing the absorption tubes used in “organic analysis ’—the error 
caused by variations in the density of the atmosphere may be 
sufficient to seriously impair the accuracy of the result. 

In weighing large vessels—as in determining the density of 
a gas—the effect of any variation of buoyancy is eliminated by 
the well known methods of calculating the results. But the 
formulas, usually given for that purpose, involve as known 
quantities, the volume of the vessel, the volume of the weights, 
the density of the air under the standard conditions, as well as 
the temperature and pressure at the moment of the several ob- 
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servations; and since the calculations are somewhat complex, 
and the required data not always readily obtained, the formulas 
are seldom applied unless the volume of the load is quite large. 
Moreover in these formulas the effect of each factor can not 
readily be traced, and most analysts are probably not aware of 
the extent to which their weighings may be influenced by 
changes in the density of the air due to variations of tempera- 
ture and pressure. In seeking to fix the weight of certain ab- 
sorption-tubes (in connection with my work on the revision of 
the atomic weights) I have been led to a method of correcting 
the weights of such tubes for variations of buoyancy; which, 
while it does not involve the determination of any data except 
the temperature and tension of the air in the balance-case, and 
is as simple in its application as the calibration of a flask, also 
gives a clear conception of thefeffect of each variable on the 
weight. 

It is assumed that the air of the balance-case is dry ; and with 
one of Becker’s balances I have not been able to trace any 
effect on the weight of a glass vessel from variations of hygro- 
metric condition when two open dishes of sulphuric acid (three 
inches in diameter) were kept in the case, which has a volume 
of about 87 cubic decimeters. Under such conditions the only 
causes which sensibly modify the weight of a small glass vessel 
(like a closed potash bulb-tube) are the variations of tempera- 
ture and pressure. The relative effect of these two variables 
will appear from the following considerations, which suggested 
the method I am to describe. 

If we assume thirty inches as the standard of barometric 
pressure it is obvious that the variation of each tenth of an 
inch from this standard will determine a change of 4,th in 
the resultant effect of the buoyancy of the air on the load and 
its equipoise. Again, if we assume 27°C. as our standard of 
temperature—that is 800° on the so-called “absolute scale ”— 
then according to the law of Charles the variation of each de- 
gree from this point will also cause a change of »1,th in the 
same resultant. In other words, counting from these standards, 
a variation of one degree in the centigrade thermometer indi- 
cates the same effect on the density of the atmosphere—and 
therefore on its buoyancy—as the change of one-tenth of an 
inch in the mercurial barometer. In our climate the barometer 
changes slowly, and its fluctuations do not ordinarily exceed 
one inch. On the other hand the balances in our chemical 
laboratories are liable to rapid variations of temperature which 
often exceed twenty degrees, the equivalent of two inches. 
Hence of the two variables the temperature is by far the more 
important. 

If we select the two standards of temperature and tension 
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here assumed, we can easily correct for temperature by simply 
adding to the observed height of the barometer (in tenths of an 
inch) ‘the difference between 27°C. and the temperature ob- 
served. Of course the correction becomes negative if the tem- 
perature exceeds 27°C. Having thus eliminated the effect of 
temperature we can (after taking a few weighings under as 
great a variation of temperature and pressure as we can com- 
mand) easily find the difference in weight which corresponds to 
a variation of one-tenth of an inch in the barometer, and we 
thus obtain a constant for the vessel (or other object weighed) 
by means of which we can rapidly reduce the weights to the 
standard of thirty inches barometric pressure, having previ- 
ously reduced them to the standard of 27° C. for temperature. 
The weights, having now been corrected for buoyancy, can be 
compared, and although the standards may be as unusual in 
their association, as is one of them in its value, they are as 
legitimate as any others and will be found in practice more 
convenient. 

To apply this method we simply leave the load equipoised 
on the balance, shifting the rider with the varying weight, and 
noting the corresponding temperatures and pressures, until a 
sufficient difference has been observed; and a difference corre- 
sponding to 20° C., or two inches of mercury, is adequate in 
most cases. The process corresponds to calibrating a flask, and 
the constant, once obtained, can be afterwards used for the 
same vessel, unless the weight of its contents is materially 
altered. The following examples will show the application of 
the method. 

In each case the load was a closed absorption-tube of pecu- 
liarly irregular construction, but not much larger in volume 
than those generally used in organic analysis. We give in the 
accompanying tables: first, the date; secondly, the observed 
weight; thirdly, the temperature of the ‘balance-case; and, 
fourthly, the height of the barometer at the time of weighing. 
These are the observed data. In the fifth column we give the 
reduced heights of the barometer for 27°C., and these values 
are obtained by simply subtracting the observed temperatures 
from 27°, and adding the remainders to the observed baro- 
metric heights. Below the tables we print in each case the 
largest weight observed over the least weight observed, and on 
the same lines the corresponding reduced barometric heights. 
Dividing, now, the difference of weight in milligrams by the 
difference of height in tenths of an inch we obtain the value 
last given, which we then called the “constant.” With this 
constant we can readily reduce all the weights to the common 
standard of thirty inches, and this we do by multiplying the 
difference between 300 and the reduced barometric heights by 
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this constant, and adding or subtracting the product, as the case 
may be, to or from the observed weights. 


First Series. 

1883. Weight. C.° H. H. reduced. Result. 
304°0 314°0 

304°2 314°2 

303°2 310°7 

308°0 

87°53205 301° 308°4 
*5320 21° 302°5 308°5 
8: 300°8 309°8 
9° 300° 308°0 
May 5328 9° 298°9 306°4 
May 37°53245 2° 302°2 307°2 
May 5333 2: 299°: 304-5 
May 375333 9°5 296°% 303°7 
May T5317 303% 309°5 
May 2 75345 3° 300°2 
May 2: 5336 22° 298° 303-0 


4 


+ 
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May 
May 
May 
May 
May 
May 
May 
May 


DODD 


Greatest weight, 87°5345 Barometer, 300°: 
Smallest weight, 87°5303 314°: 
Differences, 42 14-0 
Constant = 4°2 m. g. + 14°0= 0°3 m. g. 


The balance here used is only sensitive under such a load to 
the tenth of a milligram, and hence the constancy of the 
results obtained is very striking. There can be no question 
that the mean of several weighings is accurate to the ful] limit 
of the sensibility of the instrument used. Moreover during 
the course of the observations it was also evident that the slight 
variations observed (only ;8,ths of a milligram between the 
extreme limits) were owing to a want of exactness in the meas- 
ure of the temperature of the balance-case. We used a com- 
mon thermometer reading only to whole centigrade degrees ; 
although, as afterward appeared, a difference of only ;%,ths 
of a degree caused a difference of ;{;th of a milligram in 
the weight, and a difference of a whole degree corresponded to 
the extreme difference between the observations. In the second 
series (made with the same tube but differently mounted) we 
used a standard thermometer (Geisler’s make) reading to tenths 
of a degree, and the results are all that could be expected with 
the instruments employed. The observations were made, nev- 
ertheless, under the most unfavorable conditions, during ex- 
ceedingly hot weather when the temperature was rapidly chang- 
ing; and it was evident that the insignificant differences remain- 
ing arose from the circumstance that the thermometer was not 
nearly so sensitive as the air in the balance-case, following the 
change of temperature of the air after a considerable interval of 
time. It was curious to notice the slight increase of weight, 
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caused by the radiation of the body while weighing, followed 
only after some time by a rise of the very sensitive thermometer 
employed, and this effect was obtained in weighing a vessel 
which displaced only about 75 cubic centimeters of air. 


Second Series. 

H. reduced. Result. 
301°1 87°3451 
305°8 87°3451 
304°3 87°345] 
302°0 87°3450 
306°6 87°3450 
305°65 87°3450 
309°6 87°3451 

*3420 309°55 87°3450 

] 30% 307°6 87°2451 

"3441 25:0 301° 303°1 87°3461 

"3443 26° O01: 302°4 87°345] 

3446 26° 0° 301°3 87°3450 

"34435 25°55 302°2 87°3451 

"3452 5° 299°0 299°3 87°3450 

"3464 29°4 297°9 295°5 87°3450 


Q 


No. Weight. 
87°3447 
3432 


“2427 


"S444 
"3429 
"3432 


June 
June 
June 
June 
Greatest weight, 346 3arometer, 295°5 
Smallest weight, 873 309°6 


Differences, 5 14°1 
Constant = 4'5 m. g.+14°1 = 0°319 m, g.* 

The limits in the accuracy of the method here described are 
obvious; but it will be noticed that the accuracy of the method 
is exactly proportional to the requirement. The greater the 
volume of the load, and hence the greater the effect of buoy- 
ancy, the more accurately can the “constant” be found, by 
which the correction, required in any case, may be calculated ; 
and, as the above examples abundantly prove, the accuracy is 
sufficient for the purpose in view. When the volume of the 
load is large it becomes necessary to measure the temperature 
and pressure with great precision, and to protect the balance 
from radiation and from all causes of rapid change of tempera- 
ture. It was a great satisfaction to the writer to find that by 
so simple means the relative weight of glass vessels of consid- 
erable size may be determined with accuracy to the tenth of a 
milligram, an accuracy which is fully equal to that of the 
most refined processes of chemical analysis, and which enables 
us to attain a great degree of precision in many processes which 
otherwise would not be susceptible of such refinement. 

From the data given, and from the known normal density of 

* In combining only the extreme weights we must Obviously take care that 
neither of them is seriously affected by any accidental errors; and a more cer- 
tain value of the constant would be obtained by combining all the observations, 
after well known methods. This complication however is seldom necessary. as 
such errors would render the final results irregular, and lead to a rediscussion of 
the observations. 


10 June 
11 June 
12 
13 
14 
15 
5 
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the atmosphere, it can be easily calculated that in the first 
series of weighings the volume of the tube and mountings ex- 
ceeded that of the weights by about 75 cubic centimeters. 
With this difference of volume we have a variation of 3,ths 
of a milligram in weight for a difference of ;4,th of an inch 
of mercury in tension, or one centigrade degree in temperature. 
Hence with a difference in volume of one hundred cubic centi- 
meters we should have a variation of weight amounting to 
about four milligrams for every difference of one inch in the 
barometer, or of ten degrees in the centigrade thermometer ; 
and these data will furnish the basis for a rude estimate of the 
effect in any given case. If the difference of volume amounts 
to 2,500 cubic centimeters, then a difference of ;;4,,th of an 
inch in the barometer, or of ;4,th of a degree in the ther- 
mometer, would cause a variation of +)th of a milligram 
in the weight. So also a variation in the intensity of gravity 
amounting to only sgtyath of the whole amount would pro- 
duce a similar effect, and a sensible variation would follow any 
marked change in the purity of the air. Hence the balance 
might be used to detect exceedingly minute changes in any one 
of these variables, provided the others could be exactly con- 
trolled; and, although, with our better methods, these applica- 
tions of the balance may be of no practical value; yet the con- 
siderations, here adduced, will serve to show how sensitive the 
instrument is to the slightest changes in the density of the 
atmosphere when Joaded with vessels of large volume. The 
best method of controlling the weight in such cases is that 
adopted by Regnault in his classical work on the density of 
the more permanent gases. ‘This consists in balancing the ves- 
sel, whose contents are to be weighed, with a second vessel of 
equal volume, the two hanging side by side in a case lined with 
thick felt. The balance is set over the case and the vessels 
suspended from the pans by means of platinum wires, which 
hang freely through holes in the base of the instrument. 
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Art. VII.—Recent Investigations concerning the Southern bound- 
ary of the Glaciated Area of Ohio; by G. F. WRIGHT. 


A Paper read before the Boston Society of Natural History, March 7, 1883, by 
Professor G. Frederick Wright, of Oberlin,+O. 


PRELIMINARY WORK. 


In the autumn of 1880, and the summer of 1881, Professor 
H. C. Lewis and myself, under the direction of Professor J. P. 
Lesley, traced the southern boundary of the glaciated area of 
Pennsylvania. We had also been together over a considerable 
part of the line marked by the terminal moraine which Pro- 
fessors Cook and Smock have so carefully mapped in New 
Jersey. I had also, from the first, been familiar with the gla- 
cial accumulations along the southern shore of New England, 
especially those near Wood’s Holl, which Mr. Clarence King 
explained as belonging to the true terminal moraine of the gla- 
cial period, and which were first described by Mr. King in a 
communication published by me in 1877 in the Proceedings of 
the Boston Society of Natural History (see vol. xix, pp. 60-63), 
and afterwards were more fully examined by Mr. Warren 
Upham, and described in vol. iil, of the New Hampshire Geo- 
logical Report, pp. 300-305, and in the American Journal of 
Science and Arts for August and September, 1879. 


GENERAL REMARKS. 


The accompanying map of Ohio shows the boundary line 
explored by me during the summer of 1882. This does not, 
as some may have surmised, represent merely a line which I 
have traversed, but a line which I have zigzagged, and along 
which I have fixed with certainty the glacial boundary upon 
nearly every mile of its course. I believe that in nearly every 
township I have been far enough south of the line here marked 
to make it sure that I was beyond the limit of glaciation. 
Down to this line the marks of glaciation are everywhere 
abundant and unmistakable; south of it the absence of glacial 
marks is equally striking. The average depth of the glacial 
deposit over the area in Ohio north of this boundary line is 
estimated by Mr. E. W. Claypole (see Proceedings of A. A. A. 
S., vol. xxx, p. 151), to be fifty-six feet. No one at all familiar 
with the region will be disposed to think this estimate 
exaggerated. 

The glaciated area of Ohio cousists of a rolling surface essen- 
tially like the prairies farther west, except that it was originally 
covered by timber. The pre-glacial channels have nearly all 
been buried out of sight, and it is rare that the rocks anywhere 
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emerge above the till. The till itself contains everywhere gla- 
ciated fragments of a great variety of rocks, all of which are 
from the north. It is not unusual to find, many feet below the 
surface, granite from Canada, Corniferous limestone, and frag- 
ments of sandstone, all striated, and intimately mixed together 
in the paste formed by the grinding up of the Erie shales. 


Canton ¢ 


Rey 


Large granite bowlders are thickly strewn all over the surface 
of this glaciated area. Some of the largest found in the State 
occur upon the very border of the glaciated region. A granitic 
bowlder found in Columbiana county, near New Lisbon, is 
18x11x8 feet out of ground. Another, near Lancaster, in 
Fairfield county, is 18xX12X6 feet out of ground. Granite 
bowlders from three to five feet in diameter are too numerous 
to mention. 

Upon the southern side of the boundary line which we have 
indicated, the whole face of the country immediately changes 
its aspect; till suddenly ceases to occur; no scratched stones 
are to be found; granite bowlders and other transported rocks 
disappear, except in the valleys of the streams. Over the 
whole of this unglaciated area the streams flow in narrow chan- 
nels cut through the horizontal strata of the coal measures and 
of the Waverley sandstone to a depth of from three hundred to 
five hundred feet, and are everywhere lined by terraces of 
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gravel which are far above the present high-water mark. The 
Ohio River, from far below Cincinnati to the head waters of 
the Alleghany and Monongahela Rivers, a distance of more 
than fifteen hundred miles, occupies a narrow pre-glacial val- 
ley, and was the great distributer of the drift brought into it 
by the streams from the north which all along emerged during 
the Glacial period from the ice-front, and which in some places 
approached to within a few miles of the river. Upon the high- 
lands in this unglaciated region the soil is shallow, and consists 
of the remnants of the rocks in place which have been disinte- 
grated by sub-aerial agencies. The contrast between the gla- 
ciated and the unglaciated areas of Ohio appears upon the 
pages of the Annual Crop Report. According to the Report 
for September, 1882, the average production of wheat per acre 
in the glaciated area, reckoned by counties, is in many cases 
twice as great as in the unglaciated. The average production 
per acre in the whole glaciated area is about fourteen bushels, 
and in the unglaciated, nine bushels. 

The southern margiti of the glaciated area of Ohio is not 
everywhere marked by such a relative excess of accumulation 
of glaciated material as is found through Cape Cod, on the 
Elizabeth Islands and Long Island, and at various places in 
New Jersey and Pennsylvania. The limit, however, every- 
where is very sharply defined, and at various places, soon to be 
mentioned, in Stark, Holmes, Fairfield and Koss counties, the 
marginal deposition is on a scale equal to anything which can 
be found on the south shore of New England. 

The glacial limit enters Ohio from the east in Columbiana 
county, twelve miles north of the Ohio River, and continues 
nearly west to the middle of Stark county where it turns more 
to the south, crossing the northern part of Holmes county, to 
the northeast corner of Knox, where it turns at right angles to 
the south, running through the eastern part of Knox and Lick- 
ing counties, the western part of Perry, turning here so as to 
pass through Lancaster in Fairfield county; touching the 
western edge of Hocking and entering Ross at Adelphi, in the 
northeast corner. Here it turns to the wes. crossing the Scioto 
Valley a few miles north of Chillicothe, and emerging from the 
county at its southwest corner, proceeding thence through the 
southeastern corner of Highland, the northwestern of Adams, 
reaching the Ohio River in the southern part of Brown county, 
near Higginsport. Cincinnati was completely enveloped by 
ice during the Glacial period, and extensive glacial deposits 
exist in the northern part of Campbell and Boone counties, 
Ky., and near Aurora, in Dearborn county, Ind. 
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DETAILED ACCOUNT. 


Through Columbiana county as in the adjoining counties of 
Pennsylvania, south of the heavy deposits of till there is a 
fringe from one to three miles wide. Over this margin there 
are scattered evidences of glacial action, consisting of granite 
bowlders and patches of till here and there upon the highlands, 
at an elevation of from three hundred to five hundred feet above 
the Ohio River. North of this fringe the till is continuous and 
everywhere of great depth. At Palestine, on the eastern edge 
of the county, and at New Alex«undria, near the western side, 
wells are reported in the till fifty feet deep. New Alexandria 
is upon the highest land in that part of the country, and the 
glacial deposits are marked in moderate degree by the knobs 
and kettle-holes characteristic of the moraine upon the south 
shore of New England. A mile or two west of Canton, in 
Stark county, the accumulations of glaciated material are upon 
a scale equal to anything upon Cape Cod. The northern part 
of Holmes county is covered with till which is everywhere of 
great depth, and in numerous places near the margin displays, 
though in a moderate degree, the familiar inequalities of the 
New England moraine. After the southern deflection in Knox 
county, the glaciated region is entered near Danville, from the 
east, on the Columbus, Mount Vernon, and Akron Railroad, 
through a cut in till a quarter of a mile long, and from thirty 
to forty feet in depth. At the old village of Danville near by, 
upon a neighboring hill, wells are reported as descending more 
than a hundred feet before reaching the bottom of the till. 
Through Licking county, both north and south of Newark, the 
depth of the glacial envelope is great up to a short distance of 
its eastern edge. At the old reservoir in Perry county, the 
distinct features of a moraine come out. The hill upon which 
Thornville is built is a mass of glaciated material in which 
wells descend from thirty to fifty feet without striking rock. 
This is upon the highest land of the vicinity. The reservoir 
itself seems to be in a great kettle-hole or moraine basin. All 
through Fairfield county, the glacial accumulation is of a great 
depth down to a very short, distance of its margin. But per- 
haps the most remarkable of all the portions of this line in Ohio 
is that running from Adelphi, in the northeast corner of Ross 
county, to the Scioto River. The accumulation at Adelphi is 
more than two hundred feet, and continues at this height for 
many miles westward. Riding along upon its uneven summit, 
one finds the surface strewn with granite bowlders, and sees 
stretching off to the northwest the magnificent and fertile plains 
of Pickaway county, while close to the south of him, yet sepa- 
rated by a distinct interval, are the cliffs of Waverley sandstone, 
rising two hundred or three hundred feet higher, which here 
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and onward to the south pretty closely approach the boundary 
of the glaciated region.- Through the southeastern corner of 
Highland county and the northwestern of Adams, the terminal 
accumulation is less marked than in Ross county; still the 
boundary of the glaciated region is easily determined. It ap- 
proaches the river in the vicinity of Ripley and Higginsport in 
Brown county, and crosses it from Clermont county, so as to 
enter Kentucky a half mile north of the line between Camp- 
bell and Pendleton counties. Cincinnati was, as I have said, 
covered with ice during a portion of the Glacial period. There 
is an undoubted deposit of till, at the railroad station at Wal- 
nut Hills, nearly 400 feet above the river. At North Bend 
the tunnel of the Indianapolis, Cincinnati and LaFayette Rail- 
road, leading from the Ohio to the Miami, is through an accu- 
mulation of till which rises 200 feet above the river. 

But the most interesting fact of all is, that the ice extended 
across the Ohio River into Campbell, Kenton, and Boone coun- 
ties, Ky., leaving granite bowlders and deposits of till upon the 
hilltops more than five hundred feet above the river. The glacial 
boundary first crosses the Ohio River twenty-five miles above 
Cincinnati, entering Kentucky near the southwestern corner of 
Campbell county, nearly opposite Pt. Pleasant, in Clermont 
county, O. ‘Till, containing granite bowlders and scratched 
pebbles, covers the hills in the vicinity of Carthage, Campbell 
county, and continues, to a greater or less extent, south along 
the ridge road as far as Flag’s Spring. Here all signs of glacia- 
tion suddenly disappear. At Flag’s Spring occurs an extensive 
deposit of water-worn pebbles which have been cemented to- 
gether by lime. The pebbles are themselves mostly of lime. 
The deposit is in a valley tributary to Twelve Mile Creek 
(which runs to the north), and rises from twenty to thirty feet 
above the present valley. It resembles in nearly every respect the 
post-glacial conglomerate known as “Split Rock,” at the mouth 
of Woolper Creek, about twenty-five miles below Cincinnati, 
where the glacial boundary recrosses the Ohio, and enters Indi- 
ana near Aurora. Whether there are granite pebbles in the 
conglomerate at Flag’s Spring I am unable to say, owing to the 
haste with which I was compelled to examine it. But at 
Woolper Creek, granitic pebbles in small quantity form a 
constituent element of the conglomerate. One was observed 
which is two feet in diameter. The limestone pebbles in this 
conglomerate are frequently three or four feetin diameter. As 
pointed out forty years ago by Prof. Locke, and noticed later 
by Dr. Sutton, this conglomerate at Woolper Creek is not 
confined to the immediate vicinity of the Ohio; though there 
it rises more than one hundred feet above low water mark. 
The conglomerate is conspicuously developed on the summit of 
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the hills for three or four miles southeast, and four or five hun- 
dred feet above the river, and here, as at Flag’s Spring, on the 
other side of Cincinnati, the formation marks the true glacial 
boundary. It would seem, however, that the ice nowhere ex- 
tended into Kentucky more than four or five miles from the 
river. Near Burlington, in Boone county, on one of the tribu- 
taries to Gunpowder Creek, which flows to the south, and whose 
source is between five hundred and six hundred feet above the 
river, there is a noticeable collection of granitic bowlders mark- 
ing the southern extent of the ice. Fifteen or twenty of these, 
from one to three feet in diameter, were counted in a small space. 
Three or four of these were composed of a metamorphic con- 
glomerate containing jasper pebbles peculiar to the eastern 
shore of Lake Superior. 

Prof. Lewis supposes (see Journal of Franklin Institute, 
April, 1883) that near Olean in New York, where the ice ex- 
tended for a short distance across the Alleghany River, a 
sub-glacial channel was kept open. It would scarcely seem 
possible that this was the case at Cincinnati; for the trough of 
the Ohio is considerably wider than that of the Upper Alle- 
ghany, and not far from fifty miles of the Ohio Valley, border- 
ing Campbell, Kenton, and Boone counties, Ky., must have 
been covered by glacial ice. Probably, fora short time, the ice 
at Cincinnati formed an obstruction to the channel. But what 
was the course of its overflow I am not prepared to say. The 
obstruction must have been at least five hundred or six hun- 
dred feet in depth, this being the height of the watershed be- 
tween the Licking River in Kentucky and the Ohio River on 
either side. Such an obstruction would set back the water of 
the Ohio far up into the valleys of the Alleghany and the Mo- 
nongahela, submerging the site of Pittsburg three hundred feet. 
(The low water mark at Cincinnati is 441 feet above the sea, 
that of Pittsburg 715 feet.) It remains to be seen how much 
light this may shed upon the terraces which mark the Ohio and 
its tributaries in Western Pennsylvania. 


TERRACES. 


An important point of observation has been the height 
and character of the terraces marking the streams where they 
emerge from the glaciated area. I will content myself with 
giving some of the most important measurements and a few 
facts connected with each stream mentioned. In general, the 
streams in their course through the glaciated area have much 
more gentle current, and much less distinct valleys, than in the 
unglaciated area, and the point where a stream emerges from a 
glaciated area is pretty sure to be marked by terraces of excep- 
tional height, and exceptionally coarse in their composition. 

Am. JOUR. Serres, VoL. XXVI, No. 151.—JovLy, 1883. 
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1. Big Beaver Creek, in Pennsylvania, emerges from the gla- 
ciated region at Chewtown, in Lawrence county. Here, the 
terrace is, according to White, 160 feet above the level of ‘the 
stream, and is strewn with granitic boulders. At the junction 
of this stream with the Ohio, fifteen or twenty miles below, the 
terraces are remarkable and instructive. The highest is from 
280 to 300 feet above the Ohio River. The towns of Beaver 
and Rochester are built upon a lower terrace, which is 120 feet 
above the level of the Ohio. The composition of that part of 
this terrace occupying the angle upon which Beaver City 
is built, and down stream from the junction, differs remarkably 
from that upon which Rochester is built, on the angle up stream 
from the junction. In the angle below the junction, the terrace 
is composed of rounded pebbles of quartzite, gneiss and gran- 
ite, many of them even near the surface being a foot or 
two in diameter. In the angle above the junction, granitic 
pebbles are exceedingly rare, and pebbles of any kind more 
than two or three inches in diameter are scarce. The ex- 
planation is evident. To use Prof. Dana’s term when speak- 
ing of the Connectiout River (see this Journal, Dec., 1881, 
p. 466), the Ohio is the great distributer, and the Beaver 
is here the principal contributor, of drift material. The Ohio 
does not itself have direct access to bowlders which have been 
transported by glacial ice. The drainage basin of the Beaver 
is, however, strewn with glacial débris; and, as the granitic 
bowlders of that area were borne along by the swollen torrents 
at the close of the glacial period, they would naturally, on 
reaching the onward, but less rapid current of the broader Ohio, 
be deposited at the junction of the streams, and in the angle 
which was down stream. 

Passing now in order from east to west, the more important 
’ terraces of the various streams of Ohio as they emerge from 
the glaciated area, are as follows: the measurements unless 
otherwise indicated, were made with a hand level, and in most 
cases the uncertainty can scarcely be more than a few inches. 

2. The Middle Fork of Little Beaver emerges from the glaciated 
area at New Lisbon. The terrace here shows no distinct stratifi- 
cation ; pebbles from 10 to 15 inches in diameter are numerous ; 
the height above the river at railroad station is 36 feet ; and it 
extends, with some interruptions, five miles down the river to 
near Elkton, but at a diminished height. These terraces are 
extensively mined for kidney iron ore. Granitic pebbles are 
abundant. At Teegarden, five miles above, the channel is nar- 
rower ; the terrace, 48 feet; material, very coarse, some of the 

ebbles being four feet in diameter. 

8. Hast Branch of Sandy Oreek.—This is a branch of the Tus- 
carawas, which empties into the Muskingum. At Kast Roches- 
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ter, in the southwest corner of Columbiana county, occurs an 
extensive kame-like deposit, filling the valley which is here 
about one half mile wide, granitic pebbles from three to six 
inches in diameter are abundant. The valley runs nearly east 
and west. The kame, however, which is thirty feet in height, 
with a slope of 30°, crosses tlie valley at right angles, abutting 
against the hills upon thesouth. A small fork of the creek which 
comes in here from the north, probably explains the peculiari- 
ties of the accumulation. Following down the Big Sandy, for 
six miles, to Minerva, we tind the accumulations of gravel 
gradually diminishing, both in amount and in coarseness. 

4. The Nimishillen is likewise a branch of the Tuscarawas, 
and emerges from the glaciated area at Canton, Stark county. 
The gravel deposits in this vicinity are enormous. On the 
east side of the city the terrace is forty-one feet above the flood 
plain. All the pebbles are well rounded. The majority are 
granitic, but many are of local material. It is not uncommon 
to find them sixteen inches in diameter. 

On the west side of the city the terrace rises in successive 
stages to more than eighty feet, and the surface grows more 
and more uneven, until about two miles back from the creek, 
it emerges into an enormous kame running nearly north and 
south and known as “ Buck’s Ridge.” This ridge is identical in 
its structure with the kames-of New England. Where it is in- 
tersected by the Fort Wayne and Chicago R. R., the kame rises 
eighty-five feet above the plain, is coarsely stratified, contains 
many granitic pebbles, one of which, 214 feet higher than the 
railroad, measured 55X 46X18 inches. There were large spaces 
in which no stratification appeared. Pebbles upon the summit 
from two to five inches in diameter are numerous. The section 
exposed shows a base of 570 feet, with an altitude of 85 feet. 
The slope upon the east side, towards Canton, varies from 18° 
to 25°, on the west side it is a little more gentle. An extensive 
sandy plain full of gentle swells and ridges stretches to the 
westward, while the space toward Canton is occupied by the 
more nearly level terrace. 150 yards north of the section just 
described begins a series of enormous dry kettle-holes, whose 
rims are upon a level with the top of the kame. One measured 
300 x 200 feet, was 40 feet deep, with sides sloping inward 24°. 
A granitic bowlder in one of these measured 51 x 25 x 81 
inches. This series of kettle-holes stretches northward, and 
connects with a line of glacial lakes extending to Akron, 
which occupies a pass on the watershed between the valley of 
the Cuyahoga and that of the Tuscarawas. 

South of Canton one mile and a half, and just below the 
junction of the two branches of the Nimishillen, there are two 
well-marked terraces, the first of which is much the broader, 
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and is but thirty-eight feet above the stream. The upper ter- 
race upon the east side is seventy-four feet above the stream, 
and on the west side seventy-nine feet. The pebbles in the 
upper terrace are a mixture of granite and local rock, many of 
them a foot in diameter; one granite pebble measured more 
than two feet. 

5. The Tuscarawas River emerges from the glaciated region 
two miles above Bolivar, on the boundary between Stark, and 
Tuscarawas counties. Here upon the north side of the river 
(which makes an immense ox-bow opening to the south), is an 
enormous kame-like accumulation, very coarse where exposed 
near the summit, and running for a mile or more parallel with 
the river (nearly east and west), and bearing upon its back 
numerous granitic bowlders. The terrace from which this 
kame rises is thirty-six feet above the river, and the kame itself 
rises 154 feet. The ox-bow is occupied by a gravel deposit 
whose surface is fifty-one feet above the river. From this 
point down, the stream occupies a narrower valley, with dimin- 
ishing terraces, but at Zoar, five miles below, wells sunk thirty 
feet are still in gravel. Above the ox-bow, and upon the west 
side of the river, a terrace sixty-one feet in height continues 
for a mile or more without change. 

6. Sugar Creek, another tributary of the Tuscarawas, emerges 
from the glaciated area at Beech City, a few miles west of Bol- 
ivar. Extensive kame-like deposits mark the course of the 
railroad for several miles north of this point. One and a half 
miles below Beech City, towards Deardoff’s Mills, the accumu- 
lations of gravel in the valley are immense. The valley is 
here about one mile wide. The gravel is frequently thrown 
up in hummocks and ridges enclosing kettle-holes, the summits 
of which are from twenty to thirty feet above the general level. 
Below this point, as seen from the cars, the gravel deposits 
seem gradually to diminish and become of finer material. 
Below New Comerstown much of the way the valley is bor- 
dered with a terrace of fine gravel from fifteen to twenty feet 
high. At Coshocton, where the Killbuck and Tuscarawas 
rivers unite, the terrace is noteworthy for its extent, but there 
does not seem to be much increase in its height, while the 
pebbles scarcely ever exceed two or three inches. At Dresden 
Junction I had opportunity to examine more carefully. The 
valley is about one half mile wide. Pebbles from one to three 
inches in diameter are abundant, and are largely granitic. At 
Zanesville the valley seems narrower. but there is no percepti- 
ble increase of terrace. A glance ai the map will show that 
from Zoar station to Zanesville the river is nearly parallel 
with the glacial boundary, and from fifteen to twenty miles 
distant, and is constantly receiving tributaries whose headwa- 
ters are in the glaciated region. 
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7. The Killbuck unites with the Tuscarawas at Coshocton to 
form the Muskingum. It emerges from the glaciated region 
at Millersburg. Below this point it occupies a narrow valley 
from four hundred to five hundred feet below the tops of the 
plateau. A mile and a half below Millersburg, upon the west- 
ern side of the stream, the terrace which is about a quarter of a 
mile wide displays numerous kame-like ridges and knolls, the 
summits of which are 102 feet above the flood plain. This 
terrace gradually merges into the till which covers the hills to 
the west. Two miles farther south the terrace is composed of 
finer material, is level topped, and but seventy-one feet above 
the flood plain. Three miles farther south, at Oxford, there is 
a terrace upon the east side of the stream, extending across the 
open ends of an ox-bow formed by the stream, which is sev- 
enty-six feet above the flood plain. Not far from here Shim- 
plins Run, a small stream coming from the glaciated region 
west, joins the Killbuck. Near its mouth the terrace con- 
taining some granitic pebbles, is sixty-one feet above the flood 
plain ; but it gradually diminishes in height towards the sources 
of the streams. Above Millersburg there is no terrace for a 
mile; but at Holmesville, five miles above, where three or four 
streams meet, there is a gravel deposit two miles or more in di- 
ameter about twenty-five feet above the flood plain. On the 
east side of this plain, near the junction of Martin’s Creek and 
the Killbuck, there is a kame-like accumulation extending one- 
eighth of a mile northwest by southeast. The surface is very 
much broken, displaying many kettle-holes. A railroad cut- 
ting through it shows some scratched stones in the material, 
and exposes a depth of sixty-one feet. A little to the north it 
rises forty feet higher. 

8. The Mohican, the principal tributary of the Killbuck, is 
formed by the junction of Jerome and Black Forks, and issues 
from the glaciated region near the northeast corner of Knox 
county, not far from the point where the glacial boundary 
turns so sharply to the south. Jerome Fork is bordered for 
some distance above the junction by a terrace which rises 107 
feet above the river, and is composed largely of coarse granitic 
pebbles. This terrace also extends for a half mile below the 
junction. At Gann station, eight miles below, there are exten- 
sive deposits of rather fine gravel. 

9. The Licking River emerges from the glaciated region at 
Newark. Three forks unite here to form the main stream, and 
as usual in such places there is an extensive gravel plain 
stretching inward. This plain is about twenty feet above the 
river. The city is built upon it, and it was a favorite resort for 
the mound builders. For a mile and a half below the city, the 
river as it enters the narrower channel is bordered on the north 
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by a terrace, which, at the cemetery, is 108 feet above the river. 
The terrace upon the south bank opposite the city is but sixty 
feet. 

10. Jonathan Creek is a tributary of the Muskingum, rising 
in Thorn township, Perry county, near the eastern end of the 
Licking Summit reservoir. The valley in which. it runs af- 
forded an important outlet to the glaciated region. It is about 
a mile wide, and kame-like ridges of gravel, from fifteen to 
twenty feet in height, extend for a mile or more down the val- 
ley, keeping near the middle. The ridges are here flanked and 
partly covered by extensive deposits of muck. Near the res- 
ervoir the kames are very distinct, and much higher. Follow- 
ing the line of the Baltimore and Ohio railway to the southeast, 
low terraces are continuous, until turning to the south, up 
another creek, whose headwaters are near Somerset, and out- 
side of the glaciated region where terraces and all other signs 
of drift are altogether absent. 

11. The Hocking River issues from the glaciated area at 
Lancaster. I did not examine the present valley of the stream 
below Lancaster, but the Cincinnati and Muskingum railway 
occupies the natural glacial outlet (now nearly dry) for several 
miles east. This is in the north part of Berne township, and 
just north of a continuous escarpment of Waverley sandstone, 
which rises abruptly 250 or 300 feet. Extensive gravel de- 
posits extend for an indefinite distance along the course of this 
outlet. Gravel is specially abundant where small tributaries 
have come in from the glaciated region just to the north. At 
the mouth of Raccoon Creek, near Berne station, gravel depos- 
its rise in hills sixty feet. 

12. The Scioto River occupies a much broader valley than 
any of the preceding, and is much the largest stream issuing 
from the glaciated region before reaching the Ohio. The gla- 
cial boundary crosses it a few miles above Chillicothe, and the 
terraces from Circleville down are worthy of close study; but I 
must confine myself to the gravel deposits near the glacial 
boundary. In the southern part of section 29, Green township, 
three miles east of the river, there are enormous kames rising 
(according to barometer) 150 feet above the general level, and 
running in a north and south direction. The material of this 
kame is rather fine, and consists principally of limestone peb- 
bles. Above this point the plain is very broad and extensive ; 
below this, the valley contracts toa width not over two miles, 
and is bounded upon either side by precipitous sandstone hills, 
which rise 500 or 600 feet above the valley. On going from 
these kames to the river, westward, three broad parallel ridges 
are encountered, each one in order toward the river extending 
farther south. The second one of these rises abruptly to a 
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height of 48 feet above the flood plain. Kame-like ridges also 
appear upon the west side of the river, near the southeastern 
corner of Union township. 

18. Paint Creek.—Professor Orton (Second Geological Survey 
of Ohio, vol. ii, pp. 653-655), briefly describes one of the most 
interesting results of glacial action, occurring upon Paint 
Creek, about 5 miles west of Chillicothe (see map). Paint Creek 


enters Ross county near its southwestern corner, and up to the 
point mentioned, flows while in the county about 40° north of 
east, occupying a valley about half a mile wide, which is 
bounded by precipitous hills 500 feet high. The natural con- 
tinuation of this valley to the northeast intersects that occu- 
pied by the North Fork (running 20° S.E.) about two miles 
beyond the point we are considering. It is evident from the 
whole configuration that such was the preglacial course of the 
creek, but this extension is now filled with immense deposits of 
drift, and the main creek disappears in a narrow gorge running 
to the southward, cut through precipitous cliffs. This post- 
glacial gorge is about three miles long, 300 feet in depth, and 
not over 200 feet wideat the bottom. Immense kames stretch 
across the old valley from the North Fork, especially near Cat 
Tail Run. Some of them are at least 200 feet above the 
“en flood plain of the creek. Near the summit of these 

ames pebbles two feet through are interstratified with 
coarse sand, and granitic bowlders three feet in diameter rest 
upon their summits. A few rods above the junction of Cat 
Tail Run is a gravel deposit facing Paint Creek and 140 feet 
high, enclosing immense kettle-holes. For four or five 
miles up Paint Creek there continues to be a terrace from 100 
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to 150 feet above the stream. It is pretty clear that the ice did 
not extend into this portion of the valley; but it certainly 
surmounted the hills to the north, and all the small streams 
coming down from them must have been gorged with water 
from the melting ice. At Bainbridge, twelve miles southwest, 
on the creek the terrace is twenty feet above the flood plain, 
and contains great number of pebbles four or five inches 
through, and occasionally a granite bowlder four feet through. 

14. The Ohio River does not havea continuous terrace. The 
towns of Ripley, Higginsport and New Richmond, above Cin- 
cinnati, are built upon gravel deposits that are about sixty feet 
above low-water mark. These towns were all flooded in Janu- 
ary last. The upper portion of the old part of Cincinnati is, 
however, upon a giacial terrace that is about sixty feet higher. 
The junction of the Miami with the Ohio below Cincinnati, is 
characterized by gravel deposits of enormous extent. The val- 
ley is here from three to four miles wide, and above Aurora, 
near Lawrenceburg, is bordered upon the west by a terrace whose 
surface is seventy-eight feet above the flood plain of the river, 
upon which Lawrenceburg is built, and 112 feet above low- 
water mark. The terrace is here from one-fourth to three- 
fourths of a mile in width. The gravel deposit upon the Ken- 
tucky side of the river opposite Lawrenceburg is of equal 
height, but much narrower. Four miles below, this gravel 


deposit, upon the Kentucky side, is cemented together by 
infiltrations of lime, and constitutes what is called the “Split 
Rock”’ formation. Two miles above Bellevue, and about the 
same distance below “Split Rock,” occur some kame-like ridges 
upon the Kentucky side, whose summits are more than 107 
feet above low-water mark. 


CONCLUSION. 


It is not best at present to speculate too freely upon these 
facts. Hach of these tributaries to the Ohio should be care- 
fully studied through its entire course, and much remains to 
be done upon the Ohio itself. Enough, however, appears to 
give new interest to the whole question of the glacial period, 
and to raise the hope that the amount of erosion afforded by 
the streams of the interior will afford some additional evidence 
concerning the date of the close of the glacial period in Amer- 
ica. The full report of my last summer’s work, with more de- 
tailed maps, will be published by the Cleveland Historical 
Society, whose friends have borne my expense in the field. 
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Art. VIII.—On the Variation of the Specific Heat of Water ; by 
G. A. Lresic, Student of Physics in the Johns Hopkins 
University. 


Unt1t the year 1877 it was generally believed by physicists 
that the specific heat of water increased regularly 0° to 
100°. During that year, however, Professor Rowland proved 
by his researches on the mechanical equivalent of heat* and by 
separate experiments, using the method of mixture, that the 
specific heat of water did not increase regularly with increase 
of temperature, but decreased from 0° to a minimum at about 
30°. In 1882, F. Neesen,t of Berlin, investigated the sub- 
ject, deducing the variation of the specific heat of water 
from the specific heat of platinum, which he had previously 
determined ; and although his results are not quantitatively 
the same as Rowland’s they are so qualitatively, i. e. they show 
that the specific heat of water decreases from 0° to a minimum 
somewhere near 80°. Owing to the general interest and im- 
portance of these conclusions, I have, at the instance of Pro- 
fessor Rowland, undertaken during the last few months a new 
series of experiments. The apparatus used was that devised 
and employed by him in his researches, and the method of 
procedure was also as nearly as possible identical with his. 

The two thermometers (Nos. 108,947 and 108,954) necessary 
for the work were made by Hicks, and graduated in mil- 
limeters. They were carefully calibrated and compared with 
the University Standards, after which a table of temperatures 
was constructed for each. They were found to agree very 
closely with the air thermometer, verifying the conclusions 
reached in the article before referred to, that thermometers 
made of English glass are characterized by this property. 

Some idea of the form of the apparatus used can be had 
from an inspection of the accompanying figure (taken from 
Professor Rowland’s paper). It consisted of three essential 
parts ; a reservoir A which was filled with broken ice, or warm 
water according as the experiment was to be made at low or 
high temperatures, connecting by means of a three-way stop- 
cock with an interior vessel B and with the vulcanite spout C ; 
the calorimeter E, into an orifice in which the vulcanite spout 
fitted closely ; and a water jacket M entirely surrounding the 
calorimeter. The reservoir and spout—which was very short 
—-were wrapped with a cloth to obviate change of temperature, 

* Mech, Equiv. of Heat, Proc. Am. Academy Sciences, 1880. 

+ Ann. Physik u. Chemie, neue Folge, vol. xviii, 1883. 

}¢ These—Nos. 6.163 and 7,832—were made by Baudin, and had frequently 


been compared with the air thermometer. No. 6,163 was used by Professor Row- 
land in his before-mentioned research. 
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and the calorimeter was held in place by three vulcanite strips 
to prevent conduction to the jacket. Although when experi- 
menting at low temperatures the vessel B was useless, still it 
was often kept in place and the water from the melting ice 
allowed to flow through it before entering the calorimeter. In 
no case did the temperature of the water from the ice, when in 


the vessel B, differ appreciably from zero. The opening into 
the stop-cock was always covered with fine wire gauze to pre- 
vent particles of ice from being carried into the calorimeter 
with the flowing water. The calorimeter was made of very thin 
copper and lightly plated with nickel; three orifices on the top 
permitted the insertion of the vulcanite spout and the two 
thermometers. The weight of the calorimeter was 388°5 grams 
and its calorific capacity 35°4 grams. During the course of the 
investigation, the stirrer H having been broken, it was neces- 
sary, in order to repair it, to unsolder and afterwards resolder 
the top of the calorimeter. In this way the weight of the 
calorimeter increased four grams. But as the increase was due 
entirely to solder, nothing else having been removed or added, 
the new capacity was readily determined. Thus, assuming sol- 
der to be composed of equal parts of tin and lead, its specific 
heat between 0° and 40° would be about ‘0438, therefore 
043 X 4= 

or ‘2 must be added to the former value of the capacity, mak- 
ing 35°6 and the weight 3925 grams. 

The method of experimenting was as follows: the vessel A 
having been filled with broken ice, the thermometers were im- 
mersed therein and after about ten or twelve minutes their zero 
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readings taken. The calorimeter was, in the mean time, filled 
about two-thirds with water, weighed and placed in position 
within the jacket; one thermometer was then removed from 
the ice and immersed in the water in it. After a sufficient 
lapse of time, readings were taken every minute for six or 
seven minutes, to determine the time correction for radia- 
tion. The stop-cock was then turned, water flowed from 
A into the calorimeter, and the other thermometer having 
been placed in the latter, the flow of water was discontinued, 
and readings of both thermometers taken every minute as be- 
fore. In this way the final temperature of the mixture was 
given as the mean of the readings of the two thermometers, 
one of which approached it from above, the other from below. 
The mean must therefore have been very nearly correct, even 
if thermometers, as is supposed, lag behind the true tempera- 
ture. Corrections for the calorific capacity of the thermome- 
ters (equal to about 1°1 gram for each) and for protruding stem 
were always applied, as well as a time correction for radiation. 
The temperature of the jacket was always noted, but, because 
it never differed more than one or two degrees from that of the 
surrounding air, and owing to the before-mentioned corrections, 
it has not been thought necessary to give it. As an example, 
the following experiment is given in detail : 


Let W be the weight of the calorimeter alone. 

Let W, be the weight of the calorimeter + water before adding 
water from vessel A. 

Let W,, be the weight of the calorimeter + water after adding 
water from vessel A. 

¢ = temperature of calorimeter before, ¢, = temperature of mixture. 

t, = temperature of water in vessel A. 


Then with the proper corrections 


(W,— W)(¢—t)Xsp. heat between ¢ and ¢, 
(W,,—W,)(¢,,—¢,) Xsp. heat between ¢, and ¢,— 


sp. heat between ¢, and¢, (W,—W)(¢,—#) 
sp. heat between ¢, and (W,,—W,)(¢, 


W = with added solder 392°5; W, = 15748; W,, = 2419°9. 


Zero readings of thermometer 108,947 were *35 ‘38 ‘38 
Zero readings of thermometer 108,954 were ‘00 ‘00 00 
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Readings on Thermometer. 


108,947 108,954 
In calorimeter. In vessel A. 
243°39 0:00 
242°95 0:00 
242°50 0°00 
242°05 0:00 
In calorimeter. 
143°50 140°60 
143°60 140°68 
143°70 140°74 


Water running from time 45% to 464, therefore temperature of 
water in calorimeter at the instant of mixing is that at time 
45% or 241°75 and the temperature of mixture the mean of 
140°53 and 143°40, now 


241°75 corrected +-°019 for zero and + 046 for stem = 33°507 
143°40 corrected +-°019 for zero and — 004 for stem = 19°741 
140°53 corrected 0°00 for zero and — 004 for stem = 19°729 

W , — W=1574:8—392'5 + 35°4-+-1°1 | ¢ —t=33°507 — 19°735 

W t,, —t=19°735—0 
hence 

sp. heat 0°—19° _(1574°8—392°5 +. 35°6 + 1°1) (33°507 —19°735) 

sp. heat 19°—33° (2419°9— 15748 19°35 
The temperatures throughout are on the absolute scale. The 
results are given in a more concise form in Table I. In this 
table the first two columns give the weight of the calorimeter 
and contained water before and after the addition of water from 
the reservoir A. The next eight, of which four are devoted 
to thermometer 108,947 and four to 108,954, are occupied by 
the readings, temperature of surrounding air, correction for pro- 
truding stem and reduced temperature (absolute scale). In 
each experiment the initial temperatures are placed on the 
upper row and the final temperatures, i. e. those of the mix- 
ture, occupy the lower row. The ratios of the specific heats 
between the assigned limits will be found in the last two col- 
umns, one of which is taken up by Rowland’s figures. 
Although it was attempted to make the limits coincide with 
Rowland’s, still in many cases this was impracticable and 
blanks have in consequence been left in three or four places. 
Where the temperature intervals are comparable it will be seen 
that there is great similarity in the results. 

It may be interesting to further compare these values with 
those which can be computed from the tables given in Pro- 
fessor Rowland’s paper on the mechanical equivalent of heat. 
The specific heat varies directly as the mechanical equiva- 
lent; it is therefore only necessary to plot a curve with the 
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values of the mechanical equivalent (given in table LIII) at 
different temperatures as ordinates and temperatures as ab- 
scisse, Then measuring off ordinates as averages between the 
required limits, and dividing one by the other, the ratios of 
the specific heats between the same degrees of temperature will 
be obtained. 

TABLE II. 


t Mech. yale 
slent | Rowland. Neesen, Liebig. 


0—14 
14—17 

0—17 
17—22 

0—17 
17—29 
18—27 

0—19 
19—30 

0—19 
19—33 

0—20 
20—31 

0—21 
21—28 

0—23 
23—30 

0—23 
23—36 
_0~—24 
24—29 
20—24 
24—29 
21—24 
24—31 
21—29 
29—36 
25—27 
27—31 
29—32 


9996 
32—38 


10046 1:0030 
1:0056 1-0027 10015 
1:0067 1:0024 
1°0063 1°0025 
1°0065 1:0067 


10066 1:0062 


1:0064 


1:0060 


10059 


10068 


1*0058 


1:0013 


1°0012 


1:0007 


10004 


A glance at table II will show haw these compare with the 
results of other determinations. It will be remarked that, 
although in no case do the figures (with the exception of Nee- 
sen’s) differ very greatly among themselves, stili there is a re- 
markable discrepancy in the indications of the position of the 
minimum. The values deduced from the mechanical equiva- 
lent certainly place the minimum at about 80°, while those 
obtained from direct experiment as surely place it at about 
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1°0045 1:0358 | 1:0032 

ones | 1:0034 

‘9983 ‘9794 ‘9980 
‘9989 
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28°. There can be no doubt that experiments on the mechani- 
cal equivalent can be made with far greater accuracy than 
those on the specific heat by the method of mixture, and the 
total variation between 0° and 30° is only about one per cent; 
nevertheless it does appear surprising that three independent 
series of results (two by one method and one by another) all 
agreeing so closely on this point, should differ from the orig- 
inal value given by the mechanical equivalent. I have in vain 
sought its cause in any constant error which I could detect 
inherent in either method, and have now no explanation to 
offer of this minor discrepancy, but reaffirm as the result of 
direct experiment that the specific heat of water decreases from 
zero to a point between twenty and thirty degrees centigrade. 
Baltimore, May 16, 1883. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHysIcs. 


1. On the Variability of the Law of Definite Proportions.— 
A year or more ago, Schutzenberger announced that in analyzing 
some hydrocarbons, the sum of the carbon and hydrogen was 101 
for 100° parts of material; the result under other conditions 
being normal. BovuTtLerow has called attention to this anomaly, 
as illustrating views he has held for three years. The result can 
be accounted for by supposing (1) that the absolute quantity of 
ponderable matter has increased, that which we call energy being 
transformed into that which we call matter; or (2) the quantity 
of matter remaining the same, its weight has increased; neither 
of which hypotheses are admissible; or (3) that the weight of the 
substance has not varied but its chemical value has changed. If 
the atomic weight of carbon falls temporarily to 11°8 in place of 
12, for example, its capacity for saturation is increased by a six- 
tieth and the quantity of carbon dioxide formed by the same 
quantity of carbon by weight, is greater in that ratio. The 
author considers this hypothesis by no means inadmissible, eveu 
when the classic researches of Stas are taken into the account. 
Hence he has undertaken a series of experiments to test it. The 
atomic weights of red and of white phospkorus will be accurately 
compared; the quantity of HgCl, formed from a known quantity 
of metal, which is combined directly with chlorine either in the 
dark, in sunlight or in magnesium light or under a variety of 
influences, will be determined; and so on. Stas’s labors have 
fixed the absolute constancy of atomic weights, it is true, but 
only under certain conditions. There may be other conditions 
under which the atomic weights and the composition of bodies 
will vary. Indeed if we accept the results of Stas we must admit 
that the atomic weights cannot be expressed in whole numbers; 
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but who can say, in the present state of science, that the hypothe- 
sis of Prout does not rest on a more or less solid foundation ? 
Other experimental laws, as for example, that of Boyle and Mar- 
riotte, vary within certain narrow limits. May not Prout’s hypoth- 
esis be true under conditions not yet understood? To ask such a 
question is to deny the absolute constancy of atomic weights. 
But if we put aside the atomic theory of the physicist which 
regards atoms as actual indivisible particles, then the atomic 
weight of an element represents only a certain quantity of matter 
by weight, the carrier of a fixed quantity of chemical energy. 
For other forms of energy, the quantity is far from being fixed by 
the mass of matter; on the contrary, the mass may be the same 
and the energy increase, as when the velocity increases. Why 
may not the same thing take place for chemical energy, although 
confined within certain narrow limits? At first it appears strange 
to admit the possibility of a variation in the composition of a deti- 
nite chemical compound. Carbon dioxide, for example, will no 
longer be a body containing absolutely 32 parts of oxygen for 12 
parts of carbon (or rather 31°92 for 11°97); it will be a combina- 
tion of carbon and oxygen in which the relative quantity of the 
constituents may vary, for instance, between the limits 12:32 and 
11°8:32. But will these varieties of carbon dioxide constitute 
identically the same chemical compound? Certainly up to a cer- 
tain point. There will no longer be absolute identity, but the 


properties in general, especially the chemical properties will re- 


main the same. In fact the properties of a compound are only 
the result of the reciprocal action of the elements which mutually 
combine with and saturate each other, this state of saturation 
remaining unchanged in all cases since the relative quantities of 
chemical energy acting on the side of each element remain the 
same in spite of the changes in the mass of the carriers of this 
energy. 

After the presentation of the above paper to the Chemical Soci- 
ety of Paris by Wurtz, ScuuTzENBERGER gave his views on the 
subject, enumerating the facts which led him to the conclusion that 
the law of definite proportions was not absolute as generally sup- 
posed. According to his analyses, a body such as water may 
vary in composition between very narrow limits, the differences 
not sensibly affecting its properties. Between these limits, there 
is a ratio corresponding to the maximum stability which in the 
majority of cases is attained. A crystallized body, such as copper 
sulphate or ferric oxide, is generally constant in composition, the 
crystallization rigorously determining the ratio; but in most cases 
it is possible to vary the composition of bodies by varying the cir- 
cumstances under which they are formed. Of this he gives the fol- 
lowing cases: (1) hydrocarbons, such as are obtained from Cauca- 
sian petroleum, or even turpentine, when burned in a combustion 
tube with CuO and a current of oxygen, show always a loss of 
carbon of 1 to 14 per cent when effected at a low temperature and 
under circumstances where no carbonous oxide or empyreumatic 
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products could escape. (2) When diamond is burned at a high 
temperature in pure oxygen, the carbon dioxide formed has oxidiz- 
ing properties which it does not possess when produced by the com- 
bustion of an organic compound at the expense of CuO. (3) 
Barium carbonate obtained by precipitating baryta water pure, 
boiling, by an excess of CO,, washing and drying at 100°, then at 
440°, contains, as Berzelius showed, 21°7 per cent CO, for 78°5 per 
cent BaO. Heated to a red heat in a current of dry oxygen, it 
increases considerably in weight without losing CO,; and the pro- 
duct gives 22°0 to 22°05 of CO, to 76°5 of BaO. . (4) In calcining 
cream of tartar at a red heat and lixiviating, a solution is obtained 
which, on the addition of boiling baryta water, gives a homogene- 
ous crystalline precipitate in fine needles, drying to a yellowish 

owder, increasing in weight and becoming white by calcination 
in oxygen. Before calcination, it contained 21°6 CO, to 765 BaO; 
afterward 22°05 to 76°5. The potassium carbonate from the black 
flux, previously heated to redness in a current of oxygen, gives 
with baryta water in ebullition a white amorphous precipitate, 
with a tint on drying rather blue than yellow, containing 22-0 
CO, and 76°5 BaO. (5) When copper oxide is reduced by CO, 
the ratio of the CO to O in place of being 14:8 is 14: 8°05; while 
if the reduction is effected by hydrogen the ratio is 1: 7°96. One 
equivalent of CO can therefore remove 8°05 of O from CuO at a 
dark red heat; while one equivalent of hydrogen removes at the 
same temperature only 7°96. If the equivalent of O be 8, then 
that of CO is 13°91 and that of C 5:91. (6) When water is syn- 
thesized by reduction of a known weight of CuO, by weighing 
the reduced copper and the water formed, it is found that the ratio 
of O to H is not constant, but varies with the state of division and 
of saturation of the oxide, the duration of contact of the water 
formed with the oxide, and with the temperature, from 7°95 to 
8°15. The latter value is obtained with a saturated and divided 
oxide filling the tube; the former with oxide in lumps filling the 
tube for a space of 25cm. With a larger empty space, the ratio 
has fallen to 7°90. (7) When the synthesis of water is effected 
by weighing the hydrogen consumed (as by dissolving a known 
weight of zinc in HCl) and the water formed, the ratio differs 
according to the contents of the combustion tubes. If it contains 
granular CuO over a length of 80 cm. heated to redness, the ratio 
of O: H is 7°96 to 7°98:1; at a low temperature, 7°90 to 7°93; if 
the CuO is replaced by-PbCrO,, from 7°89 to 7°93. (8) When- 
ever the ratio in these syntheses is above &, the water formed, 
while neutral, possesses oxidizing properties analogous to those 
which the sur-oxygenated CO, possesses, and distinct from those 
of hydrogen peroxide. (9) Numerous analyses of metallic oxides 
show the same variation in composition within narrow limits, 
according to their mode of formation. HgO produced from the 
nitrate produces, in oxidizing formic acid, more carbon dioxide 
than the precipitated oxide. SnO, from calcined metastannic acid 
contains more oxygen than that produced by oxidizing the lower 

Am. JOUR. Series, VoL. XXVI, No. 151.—JuLy, 1888. 
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oxide. MnO, prepared by calcining the nitrate contains more 
oxygen than the formula requires. Ferric oxide obtained from 
the nitrate, gives the atomic weight 54 for Fe, from the formula 
Fe,O,; while the ferric oxide obtained by roasting ferrous oxalate 
gives 56. Lead oxide, when produced by calcining the nitrate 
gives for lead an atomic weight of 2072; while that obtained by 
calcining the carbonate in nitrogen, contains less oxygen. The 
same differences are observed with cadmium, zinc, and copper 
oxide.— Bull. Soc. Ch., II, xxxix, 257, 2638, Mch. 1883.  G.F. B. 

2. On Platinized Magnesium as a Reducing Agent.—Batto has 
called attention to the fact that magnesium, which has absolutely 
no action upon pure water, decomposes this liquid rapidly with 
the evolution of hydrogen and the production of magnesium hy- 
drate, on the addition of a few drops of platinic chloride. He 
therefore recommends platinized magnesium as a reducing agent. 
Some nitrobenzene, mixed with a few cubic centimeters of water 
and enough alcohol to bring it into solution, was treated with 
magnesium; upon the addition of a few drops platinic chloride, 
action began and a feeble evolution of gas appeared. The liquid 
filtered from the excess of magnesium and the hydrate, contained 
aniline, the reduction being complete, For the detection of ni- 
trobenzene this method has the advantage that the base is pro- 
duced in the free state.—Ber. Berl. Chem. Ges., xvi, 694, Apr. 
1883. G. F. B. 

8. On a New Synthesis of Anthracene.—In the hope of produc- 
ing an isomeric tetraphenylethane, ANscattz and 
studied the action of aluminum chloride upon tetrabromide of 
acetylene dissolved in benzene. From the products of the reac- 
tion, a hydrocarbon was easily isolated, difficultly soluble in the 
ordinary solvents, which instead of the expected tetraphenyleth- 
ane proved to be anthracene. The reaction may be represented 
as follows :— 

CH 


+(HBr), 


The importance of this synthesis is evident. In the first place it 
affords the first experimental evidence for the assumption gener- 
ally made that the middle carbon atoms in anthracene are directly 
united. And in the second, it is the first aluminum chloride reac- 
tion in which a single benzene molecule gives up two hydrogen 
atoms to unite with a hydrocarbon residue. Ber. Berl. Chem. 
Ges., xvi, 623, April, 1883. G. F. B. 
4. On the Preparation of Acetol from Sugar.—Acetol is the 
alcohol of acetone. Emmertine and Loczs have prepared it from 
both dextrose and saccharose. Anhydrous dextrose is fused in a 
retort and half its weight of caustic potash added in small pieces. 
With active evolution of empyreumatic fumes, a liquid distilled 
over which reduced Fehling’s solution in the cold. On fractioning, 
a combustible liquid was obtained boiling at 80°. But the dehy- 
drating process is difficult ; so that the presence of the acetol was 


: =CH 
CH: Br! He} CH=CE 
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proved: Ist, by oxidation with chromic acid which gave acetic 
and carbonic acids; and 2d, by reducing copper oxide with it. 
Saccharose also yields acetol by this treatment.— Ber. Berl. Chem. 
Ges., xvi, 837, April, 1883. G. F. B. 

5. On the Product of the slow Combustion of Ether.—The 
peculiarly penetrating odor produced by the slow combustion of 
ether has been examined by Lecrer. From 150 to 200¢c. ¢. of 
ether, 25 to 30 c. c. of the crude product was obtained. This 
exposed for ten days over sulphuric acid gave crystals in rhom- 
bic prisms resembling ice flowers, soluble in water, alcohol, ether 
and chloroform, fusing at 51°, neutral in reaction and affording 
on analysis numbers leading to the formula C,,H,,0,.. With 
alkalies it evolves hydrogen, formic acid and methyl aldehyde. 
With ammonia, it gives oxygen with the other bodies.—Liebig 
Ann., cexvii, 381, April, 1883. G. F. B. 

6. Curved diffraction gratings.—Mr. R. T. GrazeBRook enters 
into a mathematical investigation to show that the concave grat- 
ings of Professor Rowland are subject to aberration effects. He 
shows that concave gratings may have too large a surface, and 
that better effects can be obtained by covering over a certain por- 
tion of the ruled surface. He finds that in one grating “if its 
size be reduced to # of what it actually is, the extreme lateral 
aberration will be reduced to about 4 of its actual value, thus 
becoming about 44, of a centimeter, and the extreme difference of 
phase in the light of a given wave-length A reaching any point of 
the diffracted spectrum will never exceed A/4, the dispersion will 
remain unaltered, the definition and the brightness of the spec- 
trum will both be increased.” With lenses of focal length which 
are indicated, Glazebrook shows that a plane grating ruled on 
glass, would in certain cases give more light for good definition 
than a concave grating.— Phil. Mag., June, 1883, 414-423. 


J. T. 

7. Regenerative theory of Solar action —Under this title Mr. 
Ernest H. Coox criticises Siemens’ theory of solar energy. No 
evidence is found in planetary atmospheres of a difference in com- 
position at high and low altitudes. Gay-Lussac and Thénard 
collected air in a balloon at an elevation of 7,000 meters and 
found that it contained exactly the same proportional quantity of 
oxygen as that collected at the same time in Paris. Brunner 
analyzed the air collected at the top and at the bottom of the 
Faulhorn and found the same proportions of oxygen and nitro- 
gen. Frankland has found that the composition of air up to 
altitudes of 14,000 feet is constant. There is, therefore, no ter- 
restrial evidence of the separation of the constituents of the atmos- 
phere which the theory supposes. Again the evidence for the 
theory deduced from the composition of meteorites is not conclu- 
sive. In certain meteorites a very large proportion of carbon 
dioxide is found—much larger than exists in our atmosphere. 
This would seem to indicate that the meteor had passed through an 
atmosphere very rich in carbon dioxide. F. Mohr has shown that 
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a large proportion of water is contained in the porous structure of 
meteorites, and he and Prof. Smith have also detected the presence 
of carbonaceous substances in meteoric bodies. When the meteor 
is raised to a high temperature by coming into contact with our 
atmosphere—the water of constitution would be decomposed, the 
hydrogen being set free and the oxygen would then combine to 
form magnetic oxide. The fused shell of the exterior of the 
meteorite would thus enclose gases at a high pressure. Since all 
the planets are also immersed in the supposed atmosphere—of Dr. 
Siemens, an erial current should form constantly in the northern 
hemisphere from the northeast, and in the southern from the 
southeast. These currents would be opposed to the “return 
trades.” Mr. Cook discusses the dissociation effects in the atmos- 
phere of the sun, and finds that the constitution of the gases pro- 
jected into space would be very different from that supposed by 
Dr. Siemens. The spectroscopy of the stars moreover affords no 
evidence of Dr. Siemens’ hypothesis.— Phil. Mag., June, 1883, pp. 
400-405. J. T. 

8. Liffect of Pressure on the melting point of ice.—The experi- 
ment of Bottomley, which apparently illustrates the fact that in- 
creased pressure lowers the freezing point of water, is well-known. 
A wire weighted at both ends is thrown over a cake of ice and 
cuts through it. The ice melts beneath the wire and freezes above 
it. Professor Guthrie, at a meeting of the Physical Society held 
in London, April 28th, 1883, gives his reasons for believing that 
the wire conducts heat to the ice from the atmosphere and that 
the experiment does not illustrate the well-known fact that in- 
creased pressure lowers the freezing point. A silk wire, weighted 
to the same amount as a metallic wire, will not cut through a 
block of ice. 

9. Electro-technische Bibliothek; Vienna, 1883 (A. Hartleben’s 
Verlag): II, Die elektrische Krafttibertragung und ihre Anwend- 
ung in der Praxis, mit besonderer Riicksicht auf die Fortleitung 
und Vertheilung des elektrischen Stromes, dargestellt von Eduard 
Japing. 239 pp. 12mo. 

III, Das elektrische Licht und die hierzu angewendeten Lampen, 
Kohlen und Beleuchtungskorper, dargestellt von Dr. Alfred von 
Urbanitzky. 223 pp. 12mo. 

IV, Die galvanischen Batterien Accumulatoren und: Thermo- 
siiulen, eine Beschreibung der hydro- und thermo-elektrischen 
Stromquelien mit besonderer Riicksicht auf die Bedtirfnisse der 
Praxis von W. Ph. Hauck. 320 pp. 12mo. 

XI, Die elektrischen Beleuchtungs-Anlagen mit besonderer 
Bertcksichtigung ihrer practischen Ausfiihrung, dargestellt von 
Dr. A. von Urbanitzky. 240 pp. 12mo.—The first volume of this 
valuable series of works on the practical applications of Electricity 
was noticed in tiie February number, and the special design of 
the series was there alluded to. The four volumes recently re- 
ceived cover some of the most important of the topics, and their 
scope will be gathered from the titles which are given above in full. 
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The individual volumes are small, and yet they contain a large 
amount of information compressed into a small space. For exam- 
ple the volume on the Electrical Light, after the discussion of the 
theory of the incandescent and are light and the division of the 
electrical current, the different kinds of lamps are described under 
five heads: first, the incandescence lights based upon imperfect 
conductive power; second, those with imperfect contact; third, 
the are lights which are regulated by an electro-magnet; fourth, 
the electrical candles; fifth, the lamps with inclined carbons. 
Under these five heads, some 80 forms of lamps are described, 
most of them with the assistance of excellent figures. Volume 
XI of the series, by the same author, discusses the remainder of 
the subject, that is the production and distribution of the electrical 
current used to produce the light, and the various other related 
topics. Volume II on the distribution of energy of the,electrical 
current, and volume IV, on galvanic batteries, contain a clear, 
and in so far as the space allows, satisfactory discussion of these 
subjects. 


II. GEoLoGY AND MINERALOGY. 


1. Geological unification —The Swiss “Comité @ unification 
Géologique, of which Prof. Renevier is President, held its third 
meeting at Berne, on the 9th of April last, and was occupied with 
a discussion of questions submitted to it in a circular from Pro- 
fessor Capellini of Bologna, President of the last Congress. These 


questions are to be acted upon at the meeting at Zurich in August 
next. The points of widest interest are the following: 

(1) In the scheme for the chart of Europe, which has 27 strati- 
graphical subdivisions, the committee proposes to have the number 
of divisions of the Cretaceous made three instead of two, and the 
Permian to have but one in place of two. The Gault and Ceno- 
monian make the middle Cretaceous. 

(2) The uniting of the Rhetian to the Lias is recommended, to 
which in its rocks and fossils it is allied. In Switzerland the Rhe- 
tian is the first marine fossiliferous group after the Triassic which 
is ordinarily without fossils. 

(4) The separation of the Flysch from the Eocene and its union 
with the Oligocene would be impossible in the larger part of the 
Swiss Alps. The Nummulitic beds are often interstratified with 
the Flysch. 

(5) The Silurian group with its three divisions, of which the 
lower corresponds to the Cambrian, should be represented on the 
map by a single color, of three different shades, as recommended 
recently by Professor Hebert before the Geological Society of 
France, in a paper aiming to prove that the Cambrian should be 
attached to the Silurian as its lowest subdivision. The view cor- 
responds to Barrande’s three Silurian faunas, the first, second 
and third. [This recommendation with reference to the Silurian 
accords with the facts in North America. A separation of the 
Cambrian from the Silurian, beyond what is above proposed, is 
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not sustained by any sufficient paleontological or stratigraphical 
evidence. | 

The Carboniferous also should have its three subdivisions, the 
Culm (Subcarboniferous), the Carboniferous and Permian; and so 
also the Devonian. 

A gray color is recommended for the Carboniferous; an olive 
green for the Devonian, and brown for the Silurian. 

(7) The term Series should be used for the highest subdivision, 
and Group for the third in grade. Group was suggested for the 
higher at Bologna (see this Journal, xxiii, 151, 1882). 

The committee considered also other points. It regards five 
shades of yellow for the Tertiary as more than can be made dis- 
tinct, and recommends four. <A bright yellow is recommended for 
the Drift, or Diluvian deposits, and the same dotted for the Pliocene 
which “ne sont la plupart du temps que les formations marines 
contemporaines des dépéts erratiques anciens, dits quaternaires 
ou diluviens.” 

The grouping with reference to eruptive rocks proposed at 
Bologna is objected to. 

The division “ porphyritic rocks” is based, it states, only on 
mode of texture, while, in other cases, the reference is to chemical 
or mineralogical characters. Some porphyries graduate into gran- 
ite and others are petrographically melaphyre or basalt, a porphy- 
ritic structure being of secondary importance. The division volea- 
nic rocks is objected to, it including trachytic as well as basaltic 
kinds. The Swiss committee proposes the two primary divisions 
of recent and ancient eruptive rocks; and, under these, the two 
groups of acidic and basic. For modern volcanic areas, where the 
lavas are often of different kinds, variously mingled, a separate 
color is recommended. 

The five colors for the eruptive areas should be some tint of 
red; and those proposed are carmine red for ancient acidic erup- 
tive; purplish red tor ancient basic; scarlet red for recent acidic; 
and brownish red for recent basic; miniuwm red for modern erup- 
tions. 

For the Archean the committee proposes three shades of rose; 
for the Trias, three of violet; the Rhetian to oolite, inclusive, blue, 
Cretaceous, green; in each case, the older of the subdivisions the 
deepest in shade of color, and if there are four subdivisions in any 
case, using dots for the lowest, in addition to the color. J. D. D. 

2. Bulletin No. 3 of Princeton College Museum.—This num- 
ber of the Princeton Bulletin contains the following papers: (1) 
on the Skull of the Eocene Rhinoceros, Orthocynodon, and the 
relations of this genus to other members of the group, by Profes- 
sors W. B. Scorr and H. F. Osporn; (2) on Achewnodon, an 
Eocene Bunodont, by H. F. Osporn; (3) Observations on the 
Brain Casts of Tertiary Mammals, by Apam T. Bruce; on Des- 
matotherium and Dilophodon, two new Eocene Lophiodonts, by 
W.B. Scorr. The last paper is finely illustrated by plates V, VI, 
VII, VIII (three of them folded), in lithography. 
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Mr. Bruce’s paper on Brain casts of Tertiary Mammals closes 
with the following conclusions : 

In conclusion it seems proper to point out some phases of en- 
cephalic growth which the casts described suggest. When com- 
parison was possible, the casts, after making due allowances for 
the minor features of the brain which cannot. be well represented 
by a cast, were found to be smaller and less highly convoluted 
than the brains of existing mammals of the same size and order. 
The casts of Oreodon were mach smaller than the pig’s brain: 
making deductions for the smaller size of Oreodon, which the 
numerous remains of its skeleton amply prove, it appears that the 
brain of the pig is relatively larger. The brain cast of Poébro- 
therium does not admit of any exact comparison with the brains 
of existing Camelide. 

The brain cast of Megencephalon, though smaller than the sea- 
otter’s brain, does not admit of any exact comparison with the 
brain of the otter, in the absence of the cranial bones. The brain 
cast of Hoplophoneus indicates a relatively small-sized brain. 
Though probably as large as a panther, this animal had a brain 
not much larger than that of a cat. 

As before intimated, the brain of Leptictis must have been 
small considering the size of the animal. In all the casts where 
it is distinct, the cerebellum is nearly or entirely uncovered by 
the hemispheres. Moreover the cerebellum is, in most instances, 
of a relatively large size. Consequently, the ‘evidence presented 
by the specimens described confirms the statement of Professor 
Marsh, that most Tertiary Mammals had small brains, and that 
encephalic growth has been mainly confined to cerebral growth. 

It seems probable that the primitive gyri on the dorsal surface 
of the hemispheres were ill-defined, and of the longitudinal type, 
running parallel to the dorsimeson with little flexure. The fact 
that the brains of Rodentia, Edentata and Insectivora generally 
present this type of gyri, is evidence that the least differentiated 
gyri were arranged as stated. The brain casts of the Carnivora 
described, with the exception of Megencephalon primevus, ex- 
hibit nearly straight longitudinal gyri, not diverging from the 
meson anteriorly or posteriorly, as do the corresponding gyri on 
the cerebra of modern Carnivora. Moreover, the transverse crucial 
fissure prominent in existing Carnivora, if’ present at all, must 
have been quite rudimentary. 

The large size of the cerebellum in fossil mammals has been 
pointed out. However, it does not necessarily follow from this 
that there has not been an increase of cerebellar cortex effected, 
as in the cerebrum, by the folding of the surface. The most no- 
ticeable feature of the cerebellum of the casts examined is the 
prominent middle lobe. Existing mammals of the lower orders 
possess a similarly configured cerebellum. In man the middle 
lobe is reduced to a niinimum, the lateral lobes comprising the 
greater part of the cerebellum. It seems probable that there 
has been a decrease in the size of the middle lobe and a concomit- 
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ant increase of the lateral cerebellar lobes with progressive evolu- 

tion. 

Moreover, the supposition that the middle cerebellar lobe of 
the Mammalia was primarily the largest cerebellar lobe is sup- 
ported by embryological evidence, that lobe being prominent in 
the embryonic phases of the higher Mammalia, where it subse- 
quently becomes smaller than the lateral lobes. 

3. Die Vergletscherung der deutschen Alpen, ihre Ursachen, 
periodische Wiederkehr, und thr Einfluss auf die Bodengestal- 
tung. [The Glaciation of the German Alps ; its causes, periodi- 
cal recurrence, and its influence on surface-configuration.| Ge- 
krinte Preisschrift ; von Dr. ALBRECHT PENcK. pp. viii + 484, 
with 16 wood-cuts, 2 maps and 2 tables. Leipzig, Barth, 1882.— 
This important treatise is divided into three sections, viz: I. The 
last glaciation of Upper Bavaria and North Tyrol; II. Older 
glaciation of Upper Bavaria and North Tyrol; and III. The 
formation of the Upper Bavarian lakes. In addition it includes 
introductory and concluding chapters, consisting respectively of 
an admirable résumé of the history of glacial geology, and a 
thorough critical discussion of current theories of glacial climate. 

In the second section, which is of greatest general interest, it 
is shown that the phenomena of the Bavarian and Tyrolese Alps 
afford decisive evidence, coming from diverse independent sources, 
of two widely separated epochs of extensive glaciation, with more 
equivocal evidence of an intermediate epoch of less energetic ice- 
work. Thus, the Hottingen breccia (hitherto regarded as Miocene 
from the character of its plant remains) is a type of certain ob- 
scure formations of the northern Alps, which have long been 
known to be unconformably overlain by glacial deposits. Now 
Penck finds that this breccia at Héttingen (near Innsbruck) is 
simply an ancient alluvial deposit, and moreover that it reposes 
unconformably upon older glacial deposits. It accordingly indi- 
cates the fellowing vicissitudes during the a-glacial period which 
it represents: (a) The formation of an extensive alluvial deposit ; 
(4) the cementation of its materials into a compact breccia; (c) 
erosion of the breccia and concurrent accumulation of stream allu- 
vium in places; (d) considerable changes in the configuration of 
the valley, and excavation of the stream-channel below the level 
of the breccia, and (e) accumulation of the basal stratified beds 
(unterglacialschotter) of the second ice-epoch to a depth of 200 m. 
(p. 238). Like relations among analogous formations occur else- 
where. From the assemblage of phenomena the historical se- 
quence is thus interpreted : 

1. First glaciation and retreat of the ice. 

2. Formation of a great alluvial deposit; clothing of the vicinity 
of the Inn valley by vegetation; cementation of the deposit 
into the Héttingen breccia of to-day; erosion of the breccia 
and considerable deepening of the Inn valley. 

3. Probable re-distribution of the rocks of the central Alps, over 
their northern flanks, perhaps by a second glaciation. 
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4. Accumulation of stream detritus nearly to the base of the 
Héttingen breccia; re-excavation of the Inn valley to its 
previous depth. 

5. Advent of the last glaciation ; deposition of the laminated 
clays of Arzl, and of the coal of Miihlau; accumulation of 
the basal glacial deposits overlying the Hoéttingen breccia; 
development of moraines on the heights, and of terraces on 
the valley sides, with retreat of the glaciers. 

6. Erosion of the Inn valley; excavation of ravines within and 
deposition of alluvial beds upon the terraces (p. 248). 


Thus, again, a typical section of the “ inter-glacial” coal of the 
Iller valley, near Imberg, exposes a ground moraine 40-60 m. 
thick resting upon a cemented conglomerate of local materials, 
which, with the included members, reaches a thickness of fully 
25m. Within this conglomerate occur two coal-seams respec- 
tively 4 m. and 2 m. thick, and beneath the coal, a bed of lamin- 
ated clay some 8 m. thick, containing flattened sticks and twigs. 
Below all, lies a ground moraine, filled with scratched bowlders 
and pebbles, 10 m. thick. This sequence and the coincident pheno- 
mena in various parts of the Iller valley indicate the following 
course of events: 


1. The valley became filled with glaciers which, in the vicinity of 
Sonthofen, descended to within 900 m. above sea level. 
Temperature low. 

2. The glaciers withdrew; gravel-beds attaining a thickness of 
60 m. were deposited. Elevation of temperature. 

3. Vegetation extended over the newly-formed gravel surfaces. 
Its remains accumulated in two coal-seams whose maximum 
thickness exceeds 3 m.; which accumulation of vegetal 
matter could only have taken place during’ a long period. 
The coal-seams became covered with gravel-beds. 

4, The Iller valley was excavated to a depth of 210 to 220 m. Tem- 
perature remained high. 

5. The glacier expanded a second time. The temperature again 
fell (p. 261). 


Similarly, the protean deposit long known as “ Alpine diluvium” 
is essentially bipartite in structure. The upper and newer divi- 
sion, which is of unconsolidated water-washed materials, appears 
to have been the precursor of the last glaciation and is intimately 
connected with its moraines (the term wnterglacialschotter, by 
which it is conveniently designated, has no English equivalent). 
The lower and older division—the “ diluviale Nagelfluh”’—is of 
flood-borne materials which were cemented into a firm conglomer- 
ate and superficially weathered into a red-brown clay before the 
last glaciation ; and its surface is locally striated Me | overspread 
by moraines. Extensive vailey-excavation and mountain-carving 
everywhere intervened between the eras of deposition of the 
two divisions; and in some localities these processes were inter- 
rupted by a short period of dispersion and deposition of high- 
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Alpine materials. Finally, of the two distinct zones of moraines 
which flank the Bavarian Alps, the outermost is unconformably 
overlain by stratified loams and clays, loss, and other peripheral 
representatives of the newer “ diluvium,” which must have been 
deposited contemporaneously with the moraines of the inner zone ; 
which moraines are without such covering. Alike from the 
breccias, from the “inter-glacial” coal, from the flood deposits, 
and from the moraines of the Alps, then, the recurrence of eras of 
glacial climate is determined; and in each case the intervals 
separating the successive ice-periods are shown to have been far 
too great to be explained as results of temporary oscillation of the 
ice-sheet, or even of Crollian inter-glacial periods. 

In the third section it is shown that the glacial deposits of the 
Bavarian plateau are equivalent to a layer 36 m. in average thick- 
ness over the whole area whence the materials were derived; yet, 
since even this enormous volume is far less than the total content of 
the excavated depressions of the area, it appears that the config- 
uration of this portion of the Alps must be due to pre-glacial 
stream-work, and that glacial erosion must have only served to 
modify the preéxistent topography. It is further shown by 
detailed consideration of the phenomena of individual cases that 
most of the larger lakes of upper Bavaria occupy basins scooped 
out by glaciers, and the multifarious objections to the general 
hypothesis of glacial excavation of lake-basins are discussed at 
length, and as applied to the region in question, proven to be 
mainly invalid; yet so catholic are the author’s opinions that he 
questions whether ice is a more effective engine of erosion than 
water, and limits glacial action to the widening of stream-cut 
valleys and the deepening of preéxistent concavities. The 
smaller Bavarian lakes are shown to generally lie in local depres- 
sions in the irregular drift-surface. 

After thorough consideration of current glacial theories in the 
light of the phenomena of the area specially described, of different 
regions previously visited by the author, and of other lands, the 
theory of glacial climate enunciated by Wallace in “Island Life’* 
is unreservedly adopted. 

Appendices contain details as to altitudes at which erratic 
material occur, and directions of glacial strie. Table I is a con- 
spectus of the classifications of Alpine glacial deposits hitherto 
proposed, and table II is a systematic stratigraphical and histori- 
cal conspectus of the Quaternary phenomena of the Alps. Map 
I represents the area described, and map II the present and for- 
mer extent of the glaciers of the earth. 

The work has already been fully reviewed by Richthofen,t and 
has been noticed at length in the Geological Magazine.{ In view 
of the thorough, liberal and comprehensive treatment of the dif- 
ferent phases of the subject taken up, the present writer is im- 

* See Mr. W. J. McGee’s paper in the following number of this Journal. 
+ Verh. Erdk., Berlin, 1882, 565-577. 
t II, x, 1883, 177-183. 
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pelled to endorse the opinion expressed in the last-mentioned 
review, that “to all who are interested in the study of glacial 
geology we can recommend this treatise as the most important 
contribution on the subject which has appeared of late years.” 

Ww. J. MCG, 

4. Dinosaurian of the Laramie or Lignitic group.—In the 
American Naturalist for July, 1883 (p. 774), Professor Cope has 
a paper on “the Structure and Appearance of a Laramie Dino- 
saurian,” from a nearly perfect skeleton, found by Messrs. Wort- 
man and Hill, in Dakota, of the Diclonius mirabilis of Leidy, 
a species closely related to the Hadrosaurus Foulkei. He 
states that the total length of the skeleton is 38 feet; that of the 
skull 1°18 meters. The skull is much “like that of a goose.” The 
dentition is remarkable for its complexity and for the difference 
between the superior and inferior series; it includes more teeth 
than the Hadrosaurus, there being 630 in each maxillary bone, 
and 406 in each splenial bone, making in all 2,072. Dermal or 
corneous structures have left distinct traces in the soft sandstone 
about the end of the beak-like muzzle. The affinity of the Dino- 
saurs to birds is confirmed by the skeleton, but Professor Cope 
remarks that it is empirical rather than essential and is confined 
to a few points, as the form and position of the vomer, the large 
development of the premaxillary bone and the toothless character 
of this bone and the dentary. Professor Cope says that so far as 
he is aware, “the extension of the premaxillary above the max- 
illary, so far as to overlap the lacrymal, is unique among Verte- 
brata.” 

5. Wyoming Historical and Geological Society.—This society 
has recently published a list of Paleozoic fossil Insects of the United 
States and Canada, with full references and synonymy, by R. D. 
Lacogr. 20 pp. 8vo. 

6. Sapphire from Mexico; by Groner F. Kunz. (Read be- 
fore the New York Acad. of Sciences, April 30, 1883.)—While 
examining a lot of rolled pebbles of jasper, agate and chalcedony, 
that were found near San Geronimo, Estada de Oaxaca, Mexico, 
near the Isthmus of Tehuantepec, and brought to me, for examin- 
ation as to their gem value, by Mr. Knight Neftel, I was sur- 
prised to find a rolled pebble of sapphire (corundum). It had 
a mottled blue and yellowish-white color; it was slightly fissured, 
and translucent, and did not show any crystalline form, although 
the rolling seemed to have brought out the cleavage more dis- 
tinctly, this reflecting a pearly luster. The specimen weighed 
19223 grams. The specific gravity, 3°9002, is exceptionally low, 
but this may be due to the impurities in the veining. From this 
single pebble it would be impossible to decide whether gems 
occur at this locality, for similar pebbles occur in the gem regions 
ot Ceylon, although elsewhere no gems are found ; further inves- 
tigation will determine this. It is not impossible that corundum 
oe A exist there in large quantities and thus prove of commercial 
value. 
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7. Explanatory Note concerning “triclinic pyroxene”; by 
Wurman Cross.—In the Bulletin No. I of the U.S. Geological 
Survey, entitled: “On Hypersthene- Andesite and on Triclinic 
Pyroxene in Augitic rocks,” which has recently been published, 
and of which an abstract appeared in this Journal for February 
last (p. 139), I took the ground that a part of the pyroxene usu- 
ally considered as augite in many rocks, must, from its optical 
properties, be referred to the triclinic sy stem. Since the publica- 
tion of the Bulletin Mr. Jos. P. Iddings of the U. S. Geological 
Survey has very kindly called my attention to the exhaustive in- 
vestigations of Fouqué and Levy (“ Mineralogie Micrographique,” 
p- 349) upon the optical properties of monoclinic pyroxene, in 
which they show that the ellipsoid of elasticity is so situated as 
to produce very great variations in optical behavior in sections 
which are but little inclined to each other. This is especially the 

case for those sections which vary but a few degrees in position 
from the one normal to the vertical crystallographic axis. A 
careful consideration of the matter in the light of the calculations 
of Fouqué and Levy, has convinced me that a great majority of 
the instances cited in the Bulletin as indicating a triclinic pyrox- 
ene, are explainable as augite, and that the few cases which still 
‘seem anomalous are not in themselves sufficient to justify a refer- 
ence to the triclinic system. 

In explanation of this error it may be said that the work by 
Fouqué and Levy was not accessible to me at the time the article 

n “triclinic pyroxene” was written, for, although only recently 
published the manuscript was completed and had been sent in for 
publication long before. 

In regard to hypersthene-andesite I may add that it has been 
recently found in abundance among the volcanic rocks of Southern 
Colorado. Also, that the hypersthene has been isolated from 
three typical “augite” -andesites of Hungary, viz: from Bagonya, 
Bath, and from the Tokajer Berg. The analyses of these hyper- 
sthenes, although not yet ready for publication, show them to be 
fully normal and preclude the possibility of an admixture of 
augite in the substance analyzed. 

8. The Minerals of New South Wales; by Arcuipatp Luiv- 
ERSIDGE. 137 pp. Sydney, 1882.—This valuable monograph on 
the mineralogy of New South Wales forms a part of a volume 
published by the Department of Mines. This volume contains 
also a report by Harrie Wood on the Mineral Products of New 
South Wales, and Notes on the Geology of New South Wales by 
C. 8. Wilkinson; also a catalogue of. works, papers, etc., on the 
Geology, Paleontology and Mineralogy of Australia and Tasma- 
nia by R. Etheridge, Jr. and Robert Logan Jack. The paper by 
Professor Liversidge contains a description of the minerals of the 
country, arranged in order, with numerous analyses; a list of the 
mineral localities is also giv en. The occurrence of gold in New 
South Wales is described with especial fullness; some interesting 
facts are given in regard to the finding of large’ nuggets, in which 
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respect, however, Victoria is far beyond New South Wales; the 
average fineness of the gold is stated to be 934 per cent gold and 
6 per cent silver; in Victoria, on the other hand, it is 96 gold 
and 34 silver, while to the north, in Queensland, it is only about 
874 gold and 12 silver. The analyses of a large number of differ- 
ent kinds of coal are also given. 


III. Botany AND ZooLoey. 


1. Monographia Festucarum Europearum, auctore E, Hacket. 
VUassel and Berlin. Th. Fischer, 1882, pp. 216, tab. 4. 8vo.—A 
noteworthy monograph, by an Austrian professor (in the Gym- 
nasium at St. Poelten, Austria) who has already made his mark 
as an Agrostologist. The first part of the work, in German, is 
morphological and histological ; and to this belong the excellent 
plates, illustrating the innovation, the structure of stem and 
leaves in magnified sections, etc. ‘To which is added an instruc- 
tive article on the grade of “ species-building,” cultural investiga- 
tion, hybridity, plan of taxonomical arrangement, etc. ; another 
on geographical distribution, and a glance at the probable genetic 
origination of the European Festuce. The second part, of nearly 
150 pages, is the “ Descriptio Specierum.” Hackel excludes 
Vulpia from his genus, and distinguishes Festuca from Poa 
especially by the hilar macula being linear or linear-lanceolate 
and of nearly half the length of the caryopsis, instead of puncti- 
form. Some idea of the thoroughness of the author’s treatment, 
of his views of species, and of his particularity in regard to 
varieties, may be gathered from his work upon the first species 
of his monograph, namely J. ovina, L., ‘ sensu amplissimo,” as 
he receives it. It is the type of his section Ovine, and the sub- 
section Jntravaginales, where it is associated with eight other 
species, all of the old world. It includes nine subspecies, the 
first being ew-ovina, the last brevifolia, which is peculiar to Green- 
land and arctic-alpine North America. Eu-ovina comprises eight 
varieties, with names (among which are duriuscula and glauca) ; 
its var. vulgaris has five named subvarieties, the var. duriuscula 
has seven, ete. Festuca rubra, L., the type of the extravaginales, 
rejoices in six subspecies, some of which run to seven varieties, 
and some of the varieties run to as many subvarieties. Very 
thorough work, certainly; and much better for the student, as 
well as truer to nature, no doubt, than the raising of all or most 
of these forms to the rank of species. A. G 

2, Atlas de la Flora des Environs de Paris, par MM. E. 
Cosson et GERMAIN DE Saint PIERRE.—This second edition (pub- 
lished by Masson, 1882, in 8vo), comprises 659 figures on 47 cop- 
pez-plates ; the older plates, as is well-known, were by one of the 
authors and by Riocreux; the five new ones are by Cusin. | All 
are admirable; and to this edition two pages of letter-press are 
given to each plate. A. G. 

3. Compendium Flore Atlantice, par E. Cosson.—This Flora 
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of the Barbary States (of Tunisia and Morocco as well as Algeria), 
to which Dr. Cosson has devoted so many years of labor, is now 
getting forward. The first half of the first volume, issued in 
1881, with elaborate maps, is devoted to History and Geography. 
Under the first head is a full account of all the botanists who 
have collected in the Barbary States, or have written upon their 
botany,—beginning with Tradescant, in 1620, and, among the 
rest, giving a very interesting account of the Berber Ibrahim, 
and of the Rabbi Mardochee, who have essentially helped in the 
knowledge of the botany of Morocco, collecting where no Euro- 
pean could venture. Under the head of Geography is a full 
gazetteer of the names of places and stations, a geographical 
bibliography, an original sketch of the regions, the cartography, 
etc. 

4. Illustrationes Flore Atlanticw, by the same author, Fasc. 
I, with 25 plates, in imp. 4to, appeared last autumn. The plates 
are capital lithographs, from drawings by Cusin. They illustrate 
new Ranunculacee, Papaveracee and Cruciferw, and are accom- 
panied by 32 pages of letter-press of the same size. With all this 
in progress, the indefatigable author is again in the field of explo- 
ration in Algeria. A. G. 

5. Systematic Census of Australian Plants, with Chronologic, 
Literary, and Geographic Annotations ; by Baron FERDINAND 
von Mttuer. . . . Government Botanist for the Colony of Vic- 
toria. Part I. Vasculares. Melbourne, 1882. pp. 152, 4to.— 
Another token of F. von Miiller’s wonderful industry and persever- 
ance. By the use of small type, which allows nearly eighty lines 
to the page, and by abbreviated references, we are here supplied 
with a systematic list of all the Pheenogamous and Vascular Cryp- 
togamous plants of Australia, with full reference to authority and 
place of publication, geographical distribution in Australia; and 
with much fuller references to the authority for the genera than 
the Flora Australiensis affords. The name of the author is gen- 
erally printed without abbreviation, his work cited down to vol- 
ume, page, and figure. Great pains are also taken to trace generic 
names to their original. When such names have come down 
from the herbalists or from the ancients, they are cited thus: 
“ Clematis, Linné, gen. pl. 163 (1737) from l’Ecluse (1576).” 
Anemone, Tournefort, inst. sci. herb. 275, t. 147 (1700), “from 
Hippocrates, Theophrastos and Dioscorides.” Useful learning, 
certainly, but some would say in a good degree wasted upon a 
catalogue of this kind. Aud why “ Linné,” after a fashion of the 
French zoologists ? Zinn. or Linneus is surely to be preferred. 

It seems to us that more is lost than is gained by the intercala- 
tion of the monochlamydeous orders among the Polypetale; but 
whatever our theoretical opinion, considering that the Flora Aus- 
traliensis and the new Genera Plantarum are just completed upon 
the ordinary model, we should have spared the Australian stu- 
dent the trouble which the present work is likely to give him in 
this regard. On the same grounds we would have held Chori- 
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petale and Synpetale, and still more Calyceew and Acglycee, in 
abeyance. All this is, in a good degree, a matter of taste and 
ropriety, in respect to which a botanist who has done and is do- 
ing so much, so single-handed, and so disinterestedly for the flora 
on the Australian continent, may be allowed to have very much 
his own way, subject, of course, to differences of opinion. a. G. 

6. Dredgings of the Steamer “ Blake.” —The Bulletin of the 
Museum of Comparative Zoology, Vol. X, No. 5, is occupied with 
a Report on the Fishes, by G. Brown Goode and Tarleton H. Bean. 
April, 1883. 


IV. MIscELLANEOUS SCIENTIFIC INTELLIGENCE. 


1, American Journal of Science and Arts.—In a notice of the 
decease of Professor Kirtland in volume xv of this Journal (1878), 
the remark was made that he was the last of its original sub- 
scribers. Dr. Isaac Lea, of Philadelphia, has recently sent us 
copies of his early correspondence with Professor Silliman, in 
1818, with regard to the establishment of the Journal, together 
with a list of subscribers—all members of the Academy of Nat- 
ural Sciences—which he obtained for him before the first number 
was issued. As the facts have more than a private interest, we 
here publish the list of names obtained by Dr. Lea, in response 
to Professor Silliman’s letter to him, dated New Haven, April 3, 
1818—which reads as follows: 

“Sir: Will you pardon the liberty I take in requesting your 
kind countenance and favor for the Journal and your contribu: 
tions to its pages, provided the plan meets your approbation.” 
(Signed) Very respectfully, your much obliged B SILLIMAN. 

ie account of the plan accompanied the letter—in nearly the 


form in which it was afterward published in the first number of 
the Journal. 
The list of subscribers is as follows : 


Isaac Lea, R. E. GRIFFITH, 
EDWARD CLARE, G. ORD, 

C. D. MEI6s, Wa. McCiurs, 

JACOB PEIRCE, Wm. Mason WALMSLEY, 
SAMUEL HAZARD, T. G. Lea, 

REUBEN HAINES, JOHN P. WETHERILL, 
IsataH LUKINS, R. M. Patrerson. 


Dr. Lea is now in his 92d year (having been born in March of 
1792) and is still young in his zeal for science and scientific work. 
He remarks in his recent letter, that he was informed by Professor 
Silliman that the reception of the list of names was the turning 
point with him; he thought that if a person whom he did not 
know personally took so much interest in the proposed publication 
he would have enough subscribers to insure success,” —Ebs. 

2. Note on the Earthquake of September 7, at Caraccas; by 
A. Ernst, Professor of Natural History, University of Caraccas, 
{communicated in a letter dated Caraccas, May 22d, 1883.)— 
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In Mr. C. G. Rockwood’s notes on American earthquakes, pub- 
lished in this Journal, vol. xxv (May), pages 353 to 360, there 
is under September 7 of 1882, a reference to the earthquake which 
visited that day the Isthmus of Panama. It is added that, “at 
Caraccas where the most violent shock occurred at 2.20 a. m., the 
loss amounted to 8 persons killed, 26 wounded, 62 buildings 
totally destroyed, and 67 others badly cracked.” Now the truth 
is that not even the slightest tremor was felt at Caraccas, and all 
the reported loss, notwithstanding the apparent statistical exacti- 
tude of the report, is fortunately a mere story. It was only on 
the morning of the 18th of September, that we knew anything 
about the earthquake at Panama, by the arrival of the German 
steamer Allemannia at La Guaira. There were several minor 
shocks in August, but the “two severe earthquakes” mentioned 
by Mr. Rockwood, are no facts. 

8. Royal Society of New South Wales.—The annual meeting 
of the Royal Society of New South Wales was held May 2. The 
number of new members elected during the year was 41, making 
the total number of ordinary members upon the roll to date, 486. 
At the Council meeting held on 13th als Seta it was unani- 
mously resolved to award the Clarke Memorial Medal for the 
year 1883 to Baron Ferdinand von Mueller, K.C.M.G., F.R.S., 
Government Botanist, Melbourne. At the same meeting the 
Council awarded the prize of £25 which had been offered for the 
best communication upon the “influence of Australian climates 
and pastures upon the growth of wool” to Dr. Ross, M.L.A., 
Molong, and the prize for the one upon “The Aborigines of New 
South Wales” to Mr. John Fraser, B.A., West Maitland. Dur- 
ing the year the Society held ten meetings at which twelve papers 
were read, and the medical and microscopical sections held regu- 
lar monthly meetings. The sum expended upon the library dur- 
ing the year was £422. 12. 10, 

At the annual meeting Mons. Louis Pasteur was unanimously 
elected an Honorary member of the Society to fill the vacancy 
caused by the death of the late Dr. Charles Darwin. 

4. Explorations in the region of the Gulf Stream off the east- 
ern coast of the United States.—An important paper on this subject, 
illustrated by maps and sections, by Professor A. E. Verrill, is in 
progress in “Science.” It commenced in number 16 and is con- 
tinued in number 19. 

China. Ergebnisse eigener Reisen und darauf gegriindeter Studien, von FEr- 
DINAND FREIHERRN VON RICHTOFEN. Vol. IV. Paleontological Part. pp. 288, 
with 54 plates and 15 wood-cuts. Berlin, 1883 (Dietrich Reimer). 

Handbuch der Klimatologie, von Dr. Julius Hann. 764 pp. 8vo. Stuttgart, 
1883 (J. Engelhorn). 

Electricity and Magnetism, by E. Mascart, Prof. Collége de France, and Di- 
rector of the Central Metrolog. Bureau. and J. JoUBERT, Prof. Coll. Rollin; trans- 
lated by E. Atkinson, Prof. Exper. Sci. in the Staff College. Vol. I, General 
Phenomena and Theory. 654 pp. 8vo. London, 1883 (Thos. De La Rue & Co.). 

Manual of Taxidermy. A Complete Guide in Collecting and Preserving Birds 
and Mammals, by C. J. Maynard. 112 pp. 8vo, illustrated. Boston, 1883. (S. E. 
Cassino & Co.). 

A Visit to Ceylon, by Ernst Haeckel; translated by Clara Bell. 338 pp. 8vo. 
Boston, 1883 (8. E. Cassino & Co.). 
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